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LErrER OF TRANSMITTAL. 



TJ. S. Depabtmbnt op Agbicultueb, 

Bureau op Animal IrrotrsTRr, 
Washington, D. C, February 6, 1893. 

SlE: 1 have the honor to submit herewith a report covering "Inves- 
.tigations into the Nature, Causation, and Prfevention of Texas or 
Southern Cattle Fever," which have been condneted under my direc- 
tion by Drs. Theobald Smith and P. L. Kilborne, of this Bureau. 
These investigations have extended over a period of several years, 
and it is gratifying to be able ix> state that they have been snceessful 
in discovering the cause of the disease and the means by which it is 
transmitted. 

In the whole list of diseases affecting the domesticated animals, 
there is none so peculiar in its character or so mysterious in its phe- 
nomena as was this one previous to these researches. The dissemina- 
tion of the deadly contagion by apparently healthy cattle, and the 
barmlessness in general of the really sict animals were inexplicable 
by any facts which were furnished by the study of other diseases. 
Veterinarians who had not had an opportunity to observe this disease 
were skeptical in regard to the correctness of such conclusions, and 
some spoke of them as a " romance in pathology.'' These early obser- 
vations have not only been confirmed, but the phenomena have been 
explained, and our knowledge placed upon a scientific basis. 

It had long been believed by the cattle-raisers of the West that 
Texas fever was cansed by the ticks which were carried and scattered 
everywhere by the Southern cattle; but scientist* were incredulous, 
because they could not understand how the bite of these insects could 
produce such an acute disease, with destruction of the blood corpus- 
cles and lesions of internal organs. It was not until the i)rotozoal 
microorganism was discovered in the blood corpuscles, and its 
destructive effects were revealed, that the action of the ticks could be 
explained. 

"When the writer investigated the extent of the infected district he 
was strongly Impressed with the fact, which then first became appai'- 
en^, that this district almost exactly corresponded with the habitat of 
thu suspected tick. This led to the experiments which demonstrated 
that ticks carried the infection, introduced it into the tissues of the 
susceptible cattle, and in that way produced tlie disease. We have to 
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deal> therefore, with a complicated infection, in which two very differ- 
ent kinds of parasites play an important part. 

Another significant discovery, not less marvelous, is that the micro- 
organism which constitutes the contagion of the disease is transmitted 
through the egg to the yonng tick, and it is this, and not the adult 
tick carried by the Southern cattle, which finds its way upon soscepti- 
ble animals and causes the disease. In the absence of the tick, the 
disease is probably not commnnicable except by artificial inoculation. 

The accompanying report gives all the details of the investigations 
referred to, and will be found of the greatest interest both to the cattle- 
owner desirous of preserving his animals from this dangerous malady, 
and to the scientist who wishes to know the various methods by which 
contagion may be distributed. The researches have been made with 
great care and thoroughness, and the gentlemen who have conducted 
them have shown perseverance and scientific ability of the highest 
order. Their work, as described in these pages, has for its foundatioa 
accurate scientific experiments, and, however unexpected may be the 
results, these may be relied upon as famishing the basis for the true 
exposition of the disease. 
Very respectfully, 

D. B, Salmon, 
Chief of Bureau, 

Hon. J. M. Busk, 

Seeretarj/. 
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LETTER OF SUBMITTAL 



U. S. Department of Ageioultueb, 

BUEEAO OP AHIMAL InDUSTET, 
Washington, D. C, Koveftiber 15, 1893. 

SiB: I have the honor to submit herewith a reiKirt on the natnre, 
causation, and prevention of Texas cattle fever. The investigations 
upon which it is based have been carried on more or less continuously 
since 1888. That part of the work dealing with the intimate nature of 
the disease, its pathology and etiology, and the microscopical and ba«- 
teriological work involved in their elucidation was earned on by myself, 
attlie experiment station and at the laboratory of the Division of 
Animal Pathology, while the field work at tlie experiment station, em- 
bracing the planning and arranging of the field experiments in general 
and those relating to the cattle ticks in particular, was carried on by 
F. L. Kllborae, b. v. s. Much assistance has been rendered by E. C. 
Schroeder, m. d, v., who, under my direction, did the major part of the 
work of estimating the blood corpuscles in the various cases of Texas 
fever, and who assisted atthe post-mortem examinations from the latter 
half of the season of 1890 up to the present. Latterly S. D. Maynard, 
B. s., has also rendered some assistance in this work. 

Much difficulty has been experienced in the proper arrangement of 
the subject-matter, owing to the large number of experiments which 
have been carried out and the various directions which the investiga- 
tions had to take. The large amount of material which has accumu- 
lated had to be condensed and brought iato a compact form. The plan 
adopted relegated the detailed history of the various cases into an ap- 
pendix. By this means the report itself could be brought into a form 
which includes all the important results of the work fUJly discussed. 
The verifleatioE of these results must be sought for in the appendix 
under the individual eases. Such an arrangement occasionally de- 
manded repetitions and cross references, since individual experiments 
have frequently borne fruit of several kinds which had to be brought 
into relation with several difi'ereat subjects. 

In the present report the old name, " Texas fever," has been used, since 
it is the name first given to the disease in the earlier publications and 
_ probably the one by which it is most readily recognized. The reten- 
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tion of this name does not, of course, imply any restriction of the dis- 
ease to the State vhich bears its name, for it is now well known, largely 
owing to your investigations, that the entire southern belt of this coun- 
try is equally responsible for it. The term "Southern cattle fever" is not 
much better, since it is now highly probable that this disease is not 
peculiar to our country, but exists in other countries situated as we are 
with reference to latitude. In fact it is hardly to be doubted that this 
malady exists along the Danube River, in the Balkan provinces, and 
in the southern territories of Africa. The time has not yet arrived, 
therefore, to give this disease a more scientific name worthy of its 
cosmopolitan character, and for this reason the old, familiar, and shorter 
appellation of "Texas fever" has been temporarily retained. 

Theobald Sbhth, 
Chief of the Division of Animal Pathology, 
Dr. D E. Salmon, 

Chief of ike Bureau of Animal Industry. 
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NATURE, CAUSATION, AM) PREVENTION OF TEXAS 
FEYER. 



HISTORICAL REVIEW. 



ITp to the time at which these investigatioDB were begun, a certain 
number of very important facts had already been ascertained and re- 
peatedly confirmed concerning the nature of Texas or Southern oatUe 
fever. There were also a number of theories in the field concerning 
the causation or etiology of this disease, based in part on investigation, 
in part on speculation. 

Of those definitely ascertained facts, we may mention as the most 
important the one which traced the distribution of the infection to cattle 
brought from a large but well-defined territory, including moat of the 
Southern States, into more northerly regions. The Southern cattle 
bearing the infection were, as a mle, free ftom any signs of disease. It 
was likewise settled that this infection was carried only during the 
warmer season of the year, and that in the depth of winter Southern 
cattle were harmless. It was also known that the infection was not 
communicated directly from Southern to Northern cattle, but that the „ 
ground over which the former passed was infected by them, and that 
the infection was transmitted thence to susceptible cattle. All that 
was necessary for the production of disease was the passage of Southern 
cattle over a given territory and the grazing of Northern cattle over the 
same or a portion of the same territory during the same season. 

It was also discovered that Southern cattle, after remaining for a 
short time on Northern pastures, lost, in some mysterious way, the power 
to infect other pastures and were, for the remainder of their stay North, 
harmless. Again, cattle driven over a considerable dist-ance lost, after 
a time on their way, the power to infect pastures. When pastures and 
trails had been passed over by Southern cattle, it was observed that 
the disease did not appear at once in the Northern cattle grazing on 
them, but that a certain period of not less than thirty days elapsed 
before the native cdttle began to die. More curious even than these 
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tacts, was the quite unaoimoas testimony of stock-owners who had had 
more or less experience with this disease, that Dative sasceptible 
animals who had become diseased did not transmit the disease to 
other natives, and that they were harmless. We shall discnss this 
statement in detail, in connection with experiments made to test its 
accuracy. 

J£ we turn our attention to the opposite aspect of this interesting 
aeries of facts which deals with the introduction of Northern cattle 
into Southern territory, we learn that such cattle may contract South- 
ern cattle fever, and that it is only under considerable risks that North- 
em cattle can be introduced into what has been called the permanently 
infected territory. 

These interesting facts about a mysterious disease were largely 
reasoned out by farmers and stock owners in their trying exx>erience 
with it and were well known before 1868, when the disease began to 
arouse the attention of the Government, owing to its widespread de- 
vastations in the Northern States in that year. The historical record 
of the development of these ideas is therefore very meager. That 
Southern cattle in a state of health might bring destruction to North- 
em herds was observed late in the last century by Dr. Peasa A herd 
of cattle was driven in 1796 from South Carolina into Pennsylvania, 
where disease broke out in Lancaster county and other places. This 
disease was directly traced to the Southem herd by Dr. Pease, who 
made it the subject of an interesting communication and dwelt par- 
ticularly upon the fact that the cattle bringing the disease were them- 
selves in good health. 

In 1868, Texan cattle shipped np the Mississippi Eiver to Cairo and 
thence by rail into Illinois and Indiana early in June caused during 
the summer of that year enormous losses of cattle in these States. 
Moreover the East began to be aroused because Western cattle in- 
fected with the disease had been shipped eastward for beef and were 
dying of Texas fever on the way, in the New York stock yards and 
elsewhere. The question as to the effect of such diseased flesh upon 
human health was at that time entirely new and caused much uneasi- 
ness. The cattle commissioners of New York State and the board of 
health of New York City made a vigorous effort to check the importa- 
tion of diseased cattle from the West, and to their efforts we owe much 
valuable information of this disease. During that year it was investi- 
gated by Dr. E. C. Stiles for the Metropolitan Board of Health and by 
John Gamgee and Drs. John S. Billings and Curtis for the National 
Government. Since then investigations have been made and published 
by Drs. D. B. Salmon and Detmers for the United States Department 
of Agriculture, and by Drs. Frank 8. Bilhngs, Paqnin, Dinwiddle, and 
Francis for the experiment stations of certain States. These various 
reports will be again referred to under the special subjects to which 
their authors have given more or less attention. 

rg,l,zc. by Google 



HI8T0BICAL EBVIBW. 13 

Perhaps the most importaat and special contribation to the sabject 
since the earUer iuvestigatioos of 1868 ia the determination of the 
boundary line of the permanently infected district byDr.D.E. Salmon 
(5, 6, ?).• From what has already been stated it will be readily under- 
stood that this line marks the northern limit of the territory from which 
cattle may carry the infection into the territory north of this line. On 
the other hand to cross this line from north to aoath obviously places 
cattle in the position to contract Texas fever under favorable conditions. 
The investigations of Dr. Salmon have shown that this permanently 
infected area does not extend north of the 37th parallel of latitude ex- 
cepting along the eastern slope of the country, where it extends half- 
way between the 38th and 39th parallel. The orderof the Secretary of 
Agriculture issued February 26, 1892, puts the following States and 
Territories entirely within the permanently infected area : South Car- 
olina, Georgia, Florida, Alabama, Mississippi, Arkansas, Louisiana, and 
Indian Territory. The following are crossed by the boundary line and 
are therefore not entirely within the infected area : Vfrginia, North Caro- 
hna, Tennessee, Oklahoma, and Texas. The line as at present defined 
begins at the Atlantic coast, passing westward on the 3Sth parallel, and 
, follows the lower boundary of Maryland to the Potomac. It then passes 
\...we8tward across Virginia as far as the eastern slope of the Blue Eidge, 
which it follows in asouthwesterly direction through North (JaroKna, thus 
exempting the cooler mountainous regions of these two States from per- 
manent infection. It continues in a neatly westerly direction across 
the southern strip of western North Carolina and the southern portion 
of Tennessee. Across the Mississippi it follows the northern boundary 
of Arkansas and that of the Indian and Oklahoma Territories and 
finally passes southward through Texas on or near the 100th meridian. 
In addition to this work of accurately defining the territorial distri- 
bution of the infection nothing has been done to add materially to the 
permanently valuable knowledge concerning this malady. Although 
attempts have been made to discover the cause they were not success- 
ful, as we shall be able to show. In 1889 the first systematic experi- 
ments were made by the Bureau of Animal Industry and these were at 
once fruitful in the discovery by one of us of a pecuhar micro-organism 
in the red blood corpuscles which corresponds in every respect with 
what we should expect as the true cause. At the same time the other 
showed by field experiments that the cattle tick was somehow necessary 
to the transmission of the disease. These observations were frilly con- 
firmed in 1890, In the fall of the same year it wa8<observed that when 
young ticks hatched artificially are placed on cattle there is a sudden 
extensive loss of red blood corpuscles accompanied by fever which 
could in no way be explained by the simple abstraction of blood. This 
discovery, at once followed up by additional experiments, brought to 
light the remarkable liact that Texas fever is caused by putting recently , 
*TIieteiiiunb«Ta nCu to the pnblicatious on this labject, p. 14. 

r.,,,.. I, Google 



14 TEXAS OR SOUTHERN CATTLE FEVER. 

hatohed cattle ticks on susceptible cattle. All these resnlts were re- 
confirmed in the summers of 1891 and 1892. 

These investigations have thus far bronght to light two important 
facts: (1) Theconstantpresenceof a blood corpuscle-destroying micro- 
organism in Texas fever, and (2) the traDsmlssion of the disease fixtm 
cattle to cattle by the cattle tick. The various experiments and obser- 
vations which have led to these results are embodied in the following 
report and appendix. 

The subject of Texas cattle fever has been treated of in the following 
publications, which are referred to in the text by the number prefixed 
to each title: 

(1) Transactions of the New York State Agricaltuial Society, 1867, part 3. 

(2) Report of the Commissioner of Agricnlture on the Diseases of Cattle in the 
United States. Waahington, 1871. (Reports by Mr. John Osmgee, J. R, Dodge, and 
Dra. J. 8. BUlings and Cnrtis.) 

(3) Contagions Diseases of Animals. Special report No. 22. (Report by Dr. D. 
E. Salmon, pp. 98-142.) 

(4) Report of the CommiHsioner of Agriculture for ie81-'82. (Report by Di. D. E. 
Salmon, pp. S0O-S06.) 

(5) Contagions Diseases of Animals. Washington, 1883. (Report by Dr. D. E. 
Salmon, pp. 13-44. Report by Dr. J. H. Detmers, pp. 103-145.) 

(6) First Annual Report of the Bnreau of Animal Industry, 1884. (Report by Dr. 
D.E.Salmon, Chief of the Bnreau, pp. 214-221.) 

(7) Second Annual Report of the Bureau of Animal Industry, 1885. (Report by 
Dr. D. E. Salmon, Chief of the Bnreau, pp. 247-274.) 

(8) Bulletin of the Agricultural Experiment Station of Nebraska, 11, No. 3. 
(Sonthem Cattle Flngue and Yellow Fever from the Etiological and Prophylactic 
Standpoints. By Frank S. Billings.) 

(9) Texas Fever. By Paul Paquin. (Mlssonri Agricultnral College Experiment 
Station, Bulletin No. 11, May, 1890.) 

(10) Third Annual Report of the Arkaueas Experiment Station, 1890. (Report by 
R. R. Dinwiddle, Veterinarian, pp. 9^122.) 
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THE NATURE OF TEXAS CAHLE FEVER. 



PERIOD OP INCUBATION. 

This term hae no very definite sigmficauce in this disease, for it is ased 
to designate different things. Thus it has been employed to indicate 
the period ehipeing between the exposure of sasceptible cattle t« South- 
ern cattle, or upon fields infected by them and the appearaDC« of the 
disease. If taken in this sense it may vary from ten to ninety days. 
The great variation here observed is readily explained by the life-his- 
tory of the cattle-tick, with which this period is intimately associated. 
A discussion is therefore postponed until the life-history of this parasite 
has been described (p. 114), and we content ourselves here by simply 
mentioning the facts as observed. 

This term may also be used to signify the time elapsing between the 
introduction of the infectious agent into the tissues and fluids of the 
body and the first appearance of disease. This period is ascertainable 
by inoculation. In the case of subcutaneous and iotraveoous injection 
of blood from cattle suffering with Texas fever, the fever temperature 
appeared within a few days of the inoculation and oatward signs of ill- 
ness were manifest on or even before the sixth day. It is probable, 
therefore, that multiplication begins at once after the micro-parasite 
has been introduced into the body, and when it has attained a sufficient 
momentum the external symptoms of disease appear. This may be in 
from six to ten days, depending on the number of micro-parasites orig- 
inally introduced, the predisposition and age of the animals, and the 
season of the year, 

SYMPTOMS. 
ACITTB TYPE. 

In onr experiments two tyi)es of disease have manifested themselves, 
the acute fatal type and a mild, rather prolonged, asually nonfatal 
type. As they differ in many respects, they will be considered sepa- 
rately. 

The acute disease is the disease of the hot summer months. It ap- 
pears suddenly and as a rule at the same time in all animals of a herd 



16 TEXAS OB 80UTHEBN CATTLE FETER, 

which have been exposed to the same infection together. The fever 
usnally precedes the outward symptoms by several days, and animals 
apparently qnite well will show a high rectal temperature ranging from 
105° to 108° P. The value of the clinical thermometer in thus detect- 
ing disease was pointed out by Gamgee and by the Metropolitan Board 
of Health in 1808. The latter have recorded a temperature of 109° F. 
(1, p. 1098.) A temperature above 108° F. has not been noted in onr 
experiments. A glance at the tables in the appendix will show that 
the normal morning tomperatore of the cattle in onr experiments 
ranges from 100.5° F. to 102.5° F., being in general somewhat lower in 
antumn than in midsummer. The temperature of calves and young 
animals may rise to 103° F. without being accompanied by any signs 
of disease," 

If the temperature of exposed animals be taken once daily, say in 
the morning, it will be found that at the onset of the disease it will rise 
within twenty-four honrs &om the normal to 104° F. or even higher. 
In the following twenty-four hours it may rise to 105° or 107° F. The 
continued daily record will then show a high temperature until the dis- 
ease terminates fatally or in recovery. In the former case it may fall 
from 2° to4'^ below the normal just before death. When recovery ensues 
it falls as quickly to or even below the normal as it rose in the begin- 
ning of the attack. If the temperature be taken twice daily, in the 
morning and the evening, a new set of phenomena appear. The tem- 
perature at the outset rises during the day, is highest in the evening, 
and may be low again in the morning. This oscillation, partly a normal 
occurrence, may be noticed for three or four days in some cases, the 
morning temperature gradually rising until it is as high as the evening 
temperature. The high temperature then remains continuous until the 
end of the fever. These facts are well exemplified in the following 
diagram : 

•Theaeflgnrea agree fairly well with those of otliet obBerrera. "The temperatnra 
of healthy cattle ranges from 37.6° to 39.6° C. (99.7° to 103.3° P.). Id gome caeea it 
may be even a trifle higher or lower. In the morning itla nBDally, but not invariably, 
0.2° to0.4°C. (0.4" toO-T^F.) lower than at night. In calyes and heifers it is nsnally 
somewhat higher than in old cows. • • • xhe general average from the resnlta 
obtaioed by nnmeroua obHorvera la 38.8° C. (101.8° F.)."— Dieokorhoff (LehrbwA d. 
tpec. Pathologie imd Tkerapie f. Tkiei-llnte, II.) During very hot weather the evening 
temperature of cattle more or leaa exposed to the sun in the pastiitea of the station 
has been found to rise to lOH-' and even 105° F., although the ftn|mw -|n were, so &r as 
conld be deteimined, in good h«alth> 



.dbyCoOgIc 



»Hfi^„«tM 



THE NATUBE OP TEXAS CATTLE FEVEE. 
Nd.SO. Field IT (Texas cattle with ticks)1890. 



1. PM. A.M. P.M. AM. P}*. I 

























.^ 













































■ 




■^ 
















/\ 




A 




/■ 
















\ 
















/ 


S / 






/ 


























































niFR 










-/ 








'V 




























' 







































«■ «.M. P.M. 


■NolSS.FiELDlI (TexAS cattu w 
aj 27 88 as 

«.M. P,M. A.M, P.M. AM. P.M. AM P.M. AM. 


TH 
PM. 


TICKS ).1890. 
3i SEPTI 

A.M. RM. A,M. RW 


AM 


PM 
























'\ 




A 




























ts 






1 




\/ 






























/ 




^ 






































\/ 


































A 


/ 








































































/ 














































































































)iFn 

















































Ifoias. Field n.(TE,xA5 cattle with TicKa)i8i 





A.M 


P.M 


AM 


P.M 


AM 


P.M 


AM 


P.M. 


A.U 


P.M 


A.M. 


P.M. 


AM. 


PM. 


AM 


PM 


AM 


RM. 


AM 
























_- 







_ 




























, 














\ 
























, 


















^ 






















/ 


















\ 




















/ 








































/ 






















\ 












■ 




- 


























N. 


□Ml 



No 186. Intravenous iNjE-CTiON OF blood from a cASt of disease- 



Mft. tt 

AW. RM 


AM RM 


AM^ 


PM 


AM. PM 


«S 


AM PM 


37 

AM PM 


AM PM 




































































/- 








^ 




























/' 


^ 


































' \ 


















S 














/\ 










,/ 
















V 


IltS 








» 






S / 
































t^ 


_:r: 


LJ 





















1 


1 ] 








1 1 


1 


I 





The fever may be detected by an experienced hand withont a ther- 
mometer. The whole surface of the body feels hot to the touch. The 
heat is especially noticeable whec the hand comes in contact with the 
^us or vulva in taking the rectal temperature. It is possible to go 
10320— So. 1 2 ,- 
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oyer a herd of cattle and select those having a high temi>erature by 
simply placing the hand on the anus. 

The pulse and respiration rise with the fever. There is conBiderable 
variation in the nnmber of the ptilse-beata and of the respirations dar- 
ing health, and there in also in some cases the excitement incident to 
being caught, which prevent our giving any very accurate figures. In 
health the number of respirations of the cattle used in our experiments 
may be put down as between 20 and 40 per minute, according to the 
temperature of the air and the age of the animal, while the pulse seems 
to range between 60 and 80 beats per minute." In animals in the acute 
stage of Texas fever the respiration may rise to between 60 and 100 
and the pulse to between 90 and 110. As the fever subsides and recov- 
ei-y begins the great weakness of the animal still keeps the pulse very 
high for a time, especially when the animal is moved about or excited 
in any way. The respirations, on the other hand, are apt to fall below 
the nonnal in this same period. When death approaches the heart- 
beats increase in number as they grow feebler, and the respirations 
fall with the body temperature below the normal. These statements 
are fully illustrated in the appendix by the individual cases. 

Next to the high temperature the condition of the urine demands 
our attention. The one sign regarded as peculiar and pathognomonic 
in this disease is the discliarge of urine having the color of blood. 
This color is not due to a discbarge of blood from the kidneys and sub- 
sequent breaking up of the red corpuscles, but to a filtration of the 
coloring matter of broken-down red corpuscles (hemoglobin) already 
in solution in the circulation into the urine in the excretory structures 
of the kidneys. This fact was first pointed out iu 1868 by E. Cressou 
-'^ilesi/In using the term hseoioglobinuria this is all that is meant in 
this report. The precise state or condition of this coloring matter in 
the urine does not call f )r consideration. 

Hsemoglobinuria may be said to be present iu most acute fatal cases 
of Texas fever. Out of 46 fatal cases in which urine was in the blad- 
der after death, haemoglobin was present iu 33 cases.t A careful ex- 
amination of the notes will show that in lo negative casesj the animals 
were killed in the earliest stages of the fever, or else they died or were 
killed after the number of blood corpuscles had been greatly reduced 

' The respiration in our cattio aeems to have been higher than the normal of other 
obaervors. " Bespiratinn iu healthy cattle varies from 16 to 25 per minute, and may 
fall as low as 11 or rise aa high aa 30. According to the observations of Fiiraten- 
berg it is 21 per minute for cows and 24 for bulls." 

The "pulse, like the respiration, varies greatly. According to Hering and Fiirs- 
tenbcTg it is from 90 to 130 per minute during the first two weeks of life ; from 70 to 
80 from two weeks to two years. The average for a full-grown animal is 60, for old 
cows 50 to 55." — Loc. cil. 

INos. 5, 6, 1, 8, 9, 11, 47, 50, 54, 66, 69, 74, 76, 90, 102« 103, 106, 108, 128, 129, 130, 
139, 140, 144, 162, la^, ISO, 186, 197, 198, 200, 203, 223. 

tNoe. 4, 10, 44, 48, 51, 71, 95, 134, 137, 169, 181, 184, 227. 
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aud the acute stage of the disease vaB over. In the former cases the 
hsemoglobm had not yet been set free from the corposclea; in the lat- 
ter cases it had probably been eliminated one or more days before 
death. How frequently " red water" is passed before death we can 
not state with any degree of certainty, since its discharge may wholly 
escape observation. We have a record of lisemoglobinuria in but fonr 
cases : in 'So. 43 on the third day before death, in No. 44 on the fourth 
day before death, in Ko. 80 before it was killed (probably twelve to 
twenty-four hours before death), and in No. 198 twenty-four hours be- 
fore death. In some of these cases it so happened that the urine was 
passed while the animal was undergoing examination. It is interest- 
ing to note in connection with the statements made that iu Ko. 44 no 
"red water" was found iu the bladder alK«r death, although it had been 
passed four days previously. 

Whether hfemoglobinuria is always present in acute cases of Texas 
fever it is impossible to state definitely. As it seems to depend upon 
the rapidity with which the red blood corpuscles are infected and 
destroyed, a slower destruction may allow other organs to take charge 
of the debris and thus forestall the discharge of hiemoglobin m the 
uriue. In the notes will be found the record of htemoglobinuria in but 
one acute case vhich recovered (No. 49), while io a number of cases in 
which the urine was collected, sometimes iu the height of the fever, 
sometimes after ithad departed, no hsemoglobinuria was detected.* In 
this solitary case the high temperature first appeared August 18. On 
August 23 the temperature being still above 105°, the urine was free 
from hsemoglobin, but contained a small quantity (.05 per cent) of albu- 
men. On August 27 the temperature had become normal, but a second 
paroxysm followed soon after, and on September 4 and 5 the urine was 
of a port- wine color. CTriue collected September 6 was again of normal 
color. 

The urine during the fever, when fr«e from hcemoglobin, contains in 
mauy instances a small quantity of albumen. The specific gravity may 
at first be high (1030-1040), and it may be strongly alkaline and effer- 
vesce with acids as in health, but, as the disease progresses and when 
the animal eats but little, its specific gravity will fall to 1010-1020; it 
fails to effervesce with acids and is faintly alkaline or even slightly 
acid. When the fever has subsided the urine has been observed to be 
in a few cases very watery, ». e., of very low specific gravity and feeble 
in color. Within one or two weeks, however, the normal condition is 
restored. 

The urine which contains the coloring matter of the blood varies, as 
might be exi)ected, very much in depth of color, according to the con- 
cfflitration of the hsemoglobin. It may have a very light claret color, 
or it may be so deeply tinted as to appear opaque and blackish. In a 

which the urine woa ob- 
'e oloBoly. 
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test tube when viewed by traaBmitted light it may barely permit the 
light to pass nnlefis diluted with water. (See Plate iii, Fig. i.) Such 
urioe ia, as a rale, entirely free from suspended matter and blood cor- 
puscles. The latter may sometimes be foand in small numbers when 
the mine is permitted to stand, and they may be derived from small 
hemorrhages in the pelvis of the kidney, quite regularly observed at 
autopsies. The coloring matter, as has been stated above, is derived 
from corpuscles broken up within the circulation, and not outside in 
the bladder. When such urine is treated with a little acetic acid a 
brownish flocculent precipitate, probably of the derivatives of hsemo- 
globin, appears. When boiled, a brownish flaky precipitate forms, 
which rises to the surface as a scum. As might be expected, such 
urine always reacts in presence of the osnal tests for albumen. How 
much of the precipitate formed is the ordinary serum-albumen found iu 
various forms of kidney disease and how much belongs to heemoglobin 
does not come up for consideration here. SaflBce it to say that in very 
opaque urines the precipitate is quite abundant and corresponds when 
Esbach's teat is applied, to from one to three per cent of albumen,* 

The subject of htemoglobinuriais more ftilly discussed here under the 
symptoms becanse it is occasionally observed during life and probably 
with the aid of a catheter may be seen much more frequently. The 
causes of its occurrence and the way in whieh it ia brought about will 
be discussed in connection with the microorganism, "Very little need 
be said of the other characters of "red water." When found in the 
bladder after or collected shortly before death its specific gravity is 
usually low (1010-1020) and it is feebly alkaline or acid. There is no 
effervescence with acids. After standing a few granular casts aud 
rarely urates are foand in the very slight sediment. The greater the 
number of days before death that it is collected the more nearly it ap- 
proaches normal urine as regsirda specific gravity and alkalinity. 

The bowels are as a rule constipated during the high fever, and on 
post-mortem examination the large bowels (caecum and colon) are foand 
in some cases compactly filled with small, very firm, hard balls of dung. 
As the fever subsides the feeces again become softer and are then found 
more or less deeply tinged with bile. 

Loss of appetite always, and ceaaation of rumination usually, accom- 
pany the high fever after the third or the fifth day. These, together 
with the enormous deatruction of the red blood corpusclea and the 
temporary disorganization of some of the vital organs, lead to a rapid 
loss of blood during the fever and even to extreme emaciation during 
the period following the fever. Some observers have recorded the sud- 
den and partial cessation of milk secretion. We have hail no opportu- 
nity to observe this symptom. 

*If a few diopH of acetic acid be added to urine holdiog much coIoriDg matter in 
Bolution and allowed to stand oyer night, a clear yellowish liquid may be filtered 
pff wijcl) gives the ordinary reactions for albumen. 
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SymptoniH referable to ilisturbanceB of the brain and the spinal cord 
were rarely noted. They asually manifested themselves in partial loss 
of vision, delirium, staggering gait, and swaying of the hind quarters. 
These latter may in part be referred to the great weakness which cat- 
tle manifest after some days of fever and perhaps to the oedema aroand 
the kidneys. This weakness may become so great that they will be 
nnable to rise even when urged. "When standing there may be uot«d 
a trembling of the muscles especially of the hind quarters and hmbs. 
Icterus OTJsundice has not been noted in any case during life. 

Another chara<;ter of this disease, the most constant and valuable 
of all and of which the hiemoglobinnria or " red water " is but a part, 
is the thinness of the blood. A more thorough discussion of its coa- 
dition will be given further on. In this connection we only mention 
those phenomena which can be witnessed by the naked eye. Soon 
after the high tenix>erature sets in, the blood begins to grow thin and 
after some days of fever it lias become very pale and watery. An in- 
cision into tlie skin readily shows this to be the case. The difference 
between the drop of rich red blood issuing from a slight cut of the skin 
in healthy cattle and the thiu, pale drop oozing from such a cut in 
Texas fever is very marked. This difference is due to the loss of red 
corpuscles which give the blood its characteristic color. Associated 
with this there may be in some cases a marked bloodlessness of the 
akin in the later stages. A number of small incisions are often required 
to obtain a few drops of blood. In some cases sliortly before death the 
blood slowly trickles from a slight incision for some time before it is 
checked by the natural process of coagulation. 

When freshly-drawn blood is allowed to stand the serum forced out 
of the clot has in the acute stage a very dark-red color, indicating the 
presence of much coloring matter in solution. As regards the coagula- 
bility, which some observers have regarded as feeble, we have no facts 
pointing in one direction. In a few cases the coagulation appeared 
retarded; in others it appeared to he normal in rapidity and effective- 
ness. As will be seen further on, the condition of the blood must vary 
considerably from time to time. At one time it may contain the debris 
of destroyed corpuscles equal in number to one-tenth, or even one-fifth, 
of aU circulating in the body. That under such circumstances its coag- 
ulability may be affected is evident. Frequently, however, the blood 
comes under observation when the destruction of red corpuscles haa 
ceased and the products have either been excreted or metamorphosed. 
In this way conflicting observations may perhaps be harmonized. In 
general, we may say that the coagulability of the blood is not much 
altered. 

We have thus briefly sketched the symptoms of an acute attack of 
Texas fever and noted three important diagnostic features, high tem- 
perature (or fever), haemoglobinuria (or red water), and thinness of the 
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blood (OP destrnction of red corpaecles). Tlie last is the most constant, 
and, in fact, the one essential character of Texas fever Amoug the 
other less important symptoms aod appearances, many of Trhich are 
always associated with one or the other of those mentioned, are dry, 
hot skin, high rate of pulse and respiration, loss of appetite, cessation 
of mmination and of milk secretion, constipation, hypereemia folIoTed 
by bloodlesaness of the skin and mucons membranes. 

The course and the duration of the disease are subject to Tariations. 
We have seen that it begins somewhat abruptly with a high tempera- 
ture, runs its course in a few days, and terminates fatally, or else it 
disappears as quickly. In the latter case the disease ta followed by a 
period of great debility, owing to the impoverished condition of the 
blood and the degenerative processes set up in the various vital or- 
gans, and not infrequently by relapses. Some animals never fully re- 
cover; in others recovery takes place after weeks and months. 

The duration of the disease varies more or less, but the continuous 
high temperature rarely lasts longer than eight to ten days. The fatal 
termination may take place in the height of the fever — that is to say, 
four or five days after the appearance of a high morning temperature, 
and may be the direct result of the derangement of the vital functionB, 
due to the rapid destruction of red corpuscles by the microorganism, 
or it may take place after the fever has subsided, when the animal fttilB 
to rally from the shock imparted to the system and from the drain of 
its blood-forming resources. If we take as our starting point of the 
fever the first high morning temperature death may ensue ttom four to 
fourteen days thereafter, or it may be delayed still longer, when the 
animal dies slowly of exhaustion. The period of disease for such as 
recover is practically the same. A fever period of eight to ten days 
is followed by a period of normal or subnormal temperature. The 
falling of the temperature marks the end of the destruction of red 
blood corpuscles and the disappearance of the parasite from the blood. 
The subject of relapses and secondary attacks during the season by 
which the period of disease as a whole may be prolonged into months 
is discussed on page 23. 

The mortality from southern cattle fever varies greatly, as will be 
seen in the following pages on the mild chronic form of the disease. 
The time of the ontbreak will largely decide whether practically all the 
attacked animals die or all survive. A midsummer outbret^, when 
acute in its nature, is the most fatal. From this there may be all 
gradations towards the mild nonfatal form of late autumn. 

MILD, NONFATAL OE OHEONIO TYPE. 

This type of southern cattle fever has hitherto remained unobserved. 
The reason for this is quite simple. It can be recognized only by an 
examination of the blood, which mnst determine the presence of the 
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micro-parasite in the red corpuscles and tbeir approximate rat« of 
destruction. 

The mild form of Texas fever is largely a disease of autumn wheu 
tbe beat of summer bas passed away. In tbe latitude of Washington, 
I). 0,, October and November, rarely tbe first week of December, are 
favorable to it. It is not, however, strictly limited to tbis i>eriod, as it 
may be observed from early August on through the entire season. Its 
occurrence during tbis latter period, which is commonly characterized 
by acute disease, is limited largely to the less susceptible calves and to 
a very few of the exposed adults. Cattle which have passed through 
the acute disease may have a relapse in tbe form of tbe mild type in 
autumn. 

Tbe essential differeuce between tbis and the acute type rests on the 
fact that a stage of the parasite circulates in tbe blood of the mild 
caises, which is different from the one observed in acute cases. This 
difference will be made clear in the chapter on the Texas fever para- 
site. Wheu we come to tbe various symptoms there is only a difference 
of degree. The fever temperature is low and fluctuating, rarely rising 
above 105° F. in the evening. In tbe morning tbe temperature is 
usually normal or very slightly elevated. The destruction of red bipod 
corpuscles by the micro-parasite goes on as in the acute form, but 
much more slowly and deliberately, and hence the period of disease 
itself— that is, the time during which tbe parasite is present in the 
blood in considerable numbers — is much prolonged. Tbe hiemoglobi- 
nuria is probably never present. The various symptoms which accom- 
pany tbe fever are only present when the temperature is above 103° F. 
There is loss of appetite aud dullness, especially when tbe number of 
red corpuscles has reached its lowest limit, followed by a slight falling 
away in tbe condition of the animal. 

It will thus be seeu that there are no symptoms manifest to the 
unaided eye which we might put down as characteristic of Texas fever 
in its mUd type. It might be confused with a variety of disorders 
incident to the bovine species or else be entirely overlooked. From 
an economic point of view it is of not very great consequence, since it 
is not fatal, and the loss in weight, though quite considerable in some 
cases, is soon made up in the winter months. 

THE EELATION BETWEEN THE ACUTE AND THE MILD TYPE OF 
TEXAS FEVEE— RELAPSES. 

In certain cases it was noticed that after the animal had recovered 
from the acute attack and the number of blood corpuscles had nearly 
reached tbe normal maintained before the attack it would again fall, 
and in the blood many corpuscles could be found containing the small 
stage of the Texas fever parasite which is always associated with the 
mild type. In other words, tbe acute attack would be followed after a 
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certain interval of time by a mild attack. This interval may vary 
considerably. Thus in Ko. 105 the acate attack begau early in 
August, and the secondary, or mild attack, about one month later. In 
No.160 the acute attack began early in September, the mild attack about 
three weeks later. In Ko. 49 the acute attack begau near the middle 
of August, the mild attack was observed in the second week of O<!to- 
ber. Two cases of Texas fever (Kos. 206 and 219) induced by the 
intrayeuous injection of blood - are particularly noteworthy in this 
respect. lu No. 206 the disease began July 13, in Ho. 219 July 23. In 
both the mild attack was detected at the same time at the end of 
August, although it may have begun some days before. 

The question naturally presented itself whether these secondary at- 
tacks are simply relapses or whether they are reinfections from without. 
As will be folly discussed lurther on, the young cattle-tick induces the 
disease in natives as soon as it has attaclied itself to their skin. Since 
the cattle-ticks are present on the infected field during the entire sum- 
mer and autumn it is reasonable to suppose that the secondary or mild 
' attacks may be caused by ticks which have remained on the field or by 
the second generation, since the usual time for mild attacks, late Sep- 
tember and October, is the time for the appearance of a second genera- 
tion of young ticks. Whether these mild attacks are always due to 
an invasion of the animal by such a second generation or whether they 
may be due in some cases to the recrudescence of the microorganism 
not yet entirely eliminated from the system was settled by the cases 
Nos, 206 and 219 above referred to. Since they were inoculated but 
once and there was no opportunity for reinfection these cases prove 
that a mild attack may follow an acute attack without a fresh impor- 
tation of the microorganism from without; in other words, that the 
mild attack may be considered as a relapse. This conclusion does not 
oiHirate against the probability that some nuld attacks may be due to 
secondary infection from without. 

In addition to the true relapses just referred to we may observe more 
or less oscillation in the course of the disease as expressed by the de- 
struction of red corpuscles. This oscillation is probably dependent on 
the periodical multiplication of the micro-parasite and in this respect 
may be regarded essentially identical with the relapse. The latter fol- 
lows the primary disease at long intervals, while the oscillations are but 
one and one-half to two weeks apart as a rule.* Neither the relapses nor 
the oscillations have been marked by any distinctive clinical signs ex- 
cepting a slight rise of temperature in some instances. Such undoubt- 
edly do exist and may perhaps be detected by more frequent daily 
measurements of the temperature and a closer and more frequent ex- 
amination of the animals and their excretions than our time has per- 
mitted us to make. 

* Se« aJeo p. 40. 
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PATHOLOGICAL CHANGES. 

In dwelling upon the pathological changes caused by Texaa fever 
we have had two objects in view; first, to add as much as possible to 
the iuformatioii already on hand, and, secondly, to fiiruish such a com- 
plete record of the cases in the various experiments that there would 
be uo room for doubt in the reader's mind that we were dealing with 
Texas fever wherever this is claimed to be so. Inasmuch as the causa- 
tion or etiology was the essential object of the researches, everything 
else had to be subordinated to lines of investigations which endeavored 
to get at the causes and the modes of transmission of the malady be- 
fore us. The following account, though somewhat meager for this 
reason, is given as a description of the nature of the disease we were 
dealing with. We may note here that the lesions induced by North 
Carolina cattle and those induced by Texas cattle at the same season 
were identical in every respect. (See Noa. 74, 80, 82, 107, 128, 12a, 139.) 

CHANGES IN THE OEGANS AND TISSUES. 

Cattle which have succumbed to Texas fever undergo post-mortem 
changes very rapidly. This may be largely due to the fact that the 
disease occursin the greatest heat of summer. Hence fiicts relating to 
the appearance of organs and tissues are of doubtful value if the animal 
has not been examined soon after death. This occurs as a rule during 
the night, and post-mort«m changes are begun when the morning ar- 
rives. It is frequently desirable therefore to kill animals in different 
stages of the disease to obtain trustworthy tacts. 

The sicin presents nothing abnormal to the unaided eye and, as will 
be pointed out later on, certain regions are heset with ticks. In one 
case (No. 197) which came to our notice very recently the hair on the 
abdomen and the inner aspect of the thighs was matted into little tufts 
by dried blood. The skin showed at such places a bluish elevated spot 
and when incised a little blood was found in the subcutis. This may 
be what has been called blood sweating. 

The subcutaneous tissue and fat in our cases were free from any 
changes except in three (Noa. 7, 102„, and 227), in which they were of a 
decidedly yellowish tinge. Jaundice was thus of rare occurrence. In 
the report of the Metropolitan Board it is stated that "the fat has a 
deep or high colored greenish appearance and has not the firm resist- 
ance of health. The lean meat is of a brownish mahogany color and on 
being cut into has a peculiar sickening odor." The muscular tissue in 
our cases was normal in color or perhaps a trifle paler. (Edema of the 
subcutaneous tissue of the ventral aspect of the body was occasionally 
present (No. 69) and referable to the debilitated condition of the animal. 

The brain was removed in a small number of cases (Nos. 198, 200, 
203, and 223) and carefully examined, but no lesions which can be re- 
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garded in any sense as peculiar to or characteristic of the disease were 
observed. It may be said, in general, that the brain shared tlie general 
tendency towards the iojectioii of the capillary system. The vessels of 
the pia and the plexuses were engorged, and over the frontal lobes and 
near the great transverse fissure it was more or less pigmented — a con- 
dition also met with in other diseases. Tlie gray matter of the cere- 
brum and especially of the cerebellum appeared of a more pinkish 
color. The white substance was normal in color, the veutricies free 
from fluid. 

Lungs. — The lungs are, as a rule, healthy. There is, in many cases, 
pulmonary CBdeoia, with or without emphysema, noticeable aft«r death. 
In a few instances foci of dark red hepatization were observed in oue 
of the principal lobes, which involved one or several lobules. 

Heart. — At the autopsy the right ventricle is always distended with 
blood, fluid or clotted, according to the time elapsing between death 
and the examination. The left ventricle is usually (irmly contracted, 
and may contain a small quantity of fluid or clotted blood. The clots 
are quite firm and very rarely mixed with firmer, pale yellowish clots. 
A very constant lesion is the extravasation of blood beneath the epi- 
and endocardium. This is mainly restricted to the left ventricle, 
although i>etechi!E are not infrequently met with on the right ventricle. 
On the external surface of the heart the petechise are usually grouped 
along the interventricular groove and near the base, although cases 
occur in which the whole ventricular surface is sprinkled over with 
them. The inner surface of the left ventricle shows larger patches of 
extravasation usually on, or at the base of, the papillary muscles. On 
the large vessels at the base of the heart, within the pericardial sac, 
there are frequently very delicate shreds of tissue or patches inahyiMjr- 
femic condition. The heart muscle, on closer inspection, is observed to 
have its minute vessels markedly injected, and in fresh sections the 
capillary network is found densely packed with red cori>uscleB. In 
cases which have succumbed after the subsidence of the fever the heart 
muscle is quite pale. Cloudy and fatty changes of the fibers are in 
some cases quite marked; in others absent or restricted to a small 
number of fibers.* 

Lesions of the abdominal cavity are not infrequent. (Edematous 
conditions are quite common around the kidneys and wOl be referred to 
again. Gelatinous oedemas are sometimes encountered in the portal 

'An inteTBBting appearance, whicb may now and then deceive observers, is the 
presence, under the endocardinio, of minute, whitish, fusiform bodies, perhaps one 
millimeter long, which seem to follow the course of the superficial veins and rest 
upon or near their walls. They are sareosporidia (psorospermia) cysts filled with 
falciform bodies. These cysts are likewise present in the depths of the heart muscle 
and in the skeletal muscles. Under the endocardium their number is greatest in 
old cows. They are in some case« so nnmeious that fifty may be included in an area 
of a square centimeter. They are eaeily removed entire by careful teasiujj. 
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region between duodenum and liver. The omeutum frequently dis- 
plays peculiar hyperseniie patches consisting of delicate shreds of vas- 
cular tissue made visible to the naked eye by the injected condition of 
the blood-vessels. 

Spleen. — That this organ in Texas fever is very much enlarged was 
commented upon by the earlier observers, and the name "splenic 
fever" took its origin from this condition. Gamgee, in 1868, caused 
to be weighed the spleens of a large number of native Western cattle, 
of Cherokee cattle (supposed to have come fi^>m the Indian Territory) 
and of Texan cattle. These animals were considered healthy and flt 
for human consnmption. 

The average weight of the native Western spleen was 1.45 pounds; 
of the Cherokee spleen, 1.94 pounds; of the Texan spleen, 2.5 pounds. 

A number of spleens were weighed at one of the Washington abat- 
toirs to determine the normal weight. The result is given iu the fol- 
lowing table : 
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The source of these animals was not determinable. It will be noted 
that the weight varies considerably, although in all the appearance of 
the organ, both as to its cajisule and pulp, was the same. The weight 
of each animal was estunated by the butcher in charge. These exam- 
inations were made at a time when any destructive influences of the sum- 
mer on the blood may not have been entirely nentrahzed. How far the 
bleeding of the animals at the time of slaughter may have aCfectetf the 
weightof the spleen in comparison with that of cattle which succumbed 
to the fever with the blood in their system it is of course impossible to 
estimate. By taking the average of the above nine cases, the weight 
of the spleen of a steer weighing 1,000 pounds would be 1.72 pounds. 

The weight of the spleen in Texas fever varies considerably, accord- 
ing to the stage of the disease in which the animal succumbs. Animals 
which die after some days of high fever have usually the largest spleens, 
although this is not an invariable rule. If we compare the weights of 
spleens as given in the appendix under many of the casea it will be 
seen that in acute cases the spleen is generally frx>m two to foor times 
ite weight in health. 

If we turn f6r a moment to examine its appearance we find its gen- 
eral shape unaltered, but the ordinarily rather thick whitish capsule 
very much disteoded and attenuated so that the dark pnlp shows 
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throngh it very distiDctly. (Plate i.) The veins of the capsule are 
distiact, the minute vessels markedly injected aud occasioiially accom- 
panied by extravasations of blood. The organ is firm to the toach 
owing to its distended condition, Whea it is incised, the pulp appears 
as a dark brownish-red, glistening, homogeneous mass, which has been 
compared to '^blackberry jam" in its appearance. The usual mark- 
ings of the parenchyma of the normal spleen are effaced. The grayish 
Malpighian bodies and the whitish trabeculte have all disappeared flrora 
view within the distended pulp. (The differences between the cut 
surface of the spleen in health and in Texas fever are well brought out 
on Plate i.) The pulp may be still firm, or it may be partly diffiueut* 
welling out as a semi-fluid mass from the incised retracting capsule. It 
has occasionally been reported as ruptured, but this may be a combina- 
tion of post-mortem softening with carelessness in its extraction. In 
some cases the spleen may be much heavier than in health, but its 
markings still visible on section. 

A microscopic examination shows that the enlargement and pecuhar 
color of the spleen tissue is due to an engorgement with red blood cor- 
puscles. With this engorgement there may be associated a variable 
number of large cells eontaining coarse granules and from two to twelve 
red corpuscles, or else the remains of these corpuscles in the form of 
irregular clumps of yellowish pigment. The pigment is also fl?ee in 
masses of variable size. Examination of fresh pulp from spleens of 
healthy cattle showed that the presence of large quantities of free pig- 
ment of the form described is not uncommon. 

Of all the organs the liver is the most seriously involved. (See 
Plates II and iii.) The enlargement, congestion, bile-iryection, and 
fatty degeneration were pointed out by B. C. Stiles, in 1868. Gamgee 
limited himself to matters of weight and evidently did not observe 
the extensive changes which the parenchyma underwent. In our own 
observations of healthy and diseased livers, the latter were probably 
trojp 3 to 5 pounds heavier than the former. The edges were well 
rounded off. The color of the surface was usually paler than in nor- 
mal livers and in most cases of a pecuhar mottled appearance. The 
mottling was due to minute irregular grayish-yellow patches usually 1 
millimeter or less in diameter. When incised the parenchyma was re- 
markably bloodless in most cases, and a lac colored, thick blood poured 
from the cut ends of the larger hepatic veins. The color of the cut 
surface was either a uniformly brownish yellow or else mottled as on 
the surface. (Plate ii, Fig. 1.) The mottling, on closer scrutiny with 
the naked eye or hand lens, was found to be due to a paler-yellowish 
discoloration of the zone bordering the intralobular veins. {Plate ii, 
Fig. 2.) This zone of discoloration was the wider the more prolonged 
the disease, and in a few cases involved the entire lobnle. Parallel to 
this degenerative process the consistency of the organ became less r& 
sistant, more doughy, and brittle. 
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In thin sections of fresh tisBae* tlio most striking phenomenon vas 
the filling up of tlie ultimate bile canalicali so that the hepatic cells 
were inclosed in polygons of yellow lines forming a beantifal network. 
(Plate III, FigB, 1 and 2.) When the liver is teased and crushed the con- 
tents of these bile canalicuH may be found floating ft-ee in the fonu of 
rods, sometimes with Y-shaped ends, (Plate iii, Fig. 3.) This stasis 
or filling np of the ultimate bile capillaries was present in nearly all 
animals examined. It was most pronounced in those whose death fol- 
lowed quickly after a high fever. In one case purposely killed in the 
early days of the fever the liver was the seat of marked congestion, 
the bile-stasis not having taken place yet. The extent of this stasis 
varies considerably. It may be seen in small isolated areas or else it 
may involve a large continuous territory. Owing to absence of con- 
nective tissue between the lobules it is quite impossible in fresh sections 
to make out accurately its distribution. It seems to be most frequently 
met with in the innermost or hepatic zone of the lobule {Plate in, Fig. 
1; Plate II, Fig. 4), but it may also be found Involving the entire lobule. 
Small bile ducts between the lobules are often found injected, and rarely 
lines of yellow injection may be visible to the unaided eye. 

Associated witli the occlusion of the biliary canaliculi and ducts is a 
more or less extensive fatty degeneration of the hepatic cells. This is 
most advanced in prolonged cases of disease. In several which came 
under our observation the fatty changes were so extensive that cells 
free from large quantities of fat could not be seen. Among other ab- 
normal appearances may be mentioned the presence of irregular yellow 
clumps of pigment in the hepatic cells, and of stellate masses or blood- 
red needle-like crystals (Plate iii, Fig. 2} of very minute size (hsemo- 
globinl). In one case (So. 139) large branched thrombi were found in 
some of the hepatic veins. 

The pathological changes observed in sections and teased prepara- 
tions of fresh liver tissue are more accurately interpreted in sections of 
tissue hardened in MiiUer's fluid and in alcohol. The material was im- 
bedded in paraffin after having been passed through chloroform par- 
affin. Sections cut in this way were far more serviceable than those 
cut in alcohol. The injection of the bile canaliculi is seen only in MiiUer's 
fluidpreparations or in alcoholicmateriaicut directly without imbedding. 
The extent and location of the injection are variable. It may appear 
over an entire lobule or only a small portion of it. The fatty degenera- 
tion so regularly seen in fresh material shows itself in sections of har- 
dened material in a peculiar vacuolated appearance of the cell proto- 
plasm, the fat having been dissolved out. The vacuolation may be 
more pronounced near the center of the lobule, where the individual 
vacuoles may be as large as red corpuscles. Of these there may be 

*The«8 were usually made -with a razor and examined in iodized Berum. The freez- 
ing microtome was not generally used because it waa desirable in this examinittiou 
to preserve tbe red corpusolea. 
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several in a single cell, very little of tbe protoplaam remaining. The 
C6ll protoplasm of tlie peripheral zone of the lobule is uniformly vacao- 
lat«d, the vacuoles being very small. 

Another change that is of considerable importance in estimating the 
pathological effect of the disease is a tendency toward necrosis of the 
inner zone of the lobule. This process, which shows itself to the naked 
eye as a faiut paler mottling of the liver tisane limited to the inner zone 
of the acini, seems to begin around the central vein and extend toward 
the periphery.* It is characterized by a degeneration and loss of the 
nuclei of the parenchyma cells. These changes are observable with 
varioQS stains, such as hsematoxyliu, alum carmine, and the anilines 
(alkaline methylene blue, aniline water-methyl violet, etc.). Ehrlich's 
acid hsematosylin, with or without eosin, is a very satisfactory dye, 
owing to the intensity of the nuclear staining. The changes undergone 
by the nuclei are at flrst manifested by a feebler stain. The margin, 
which may be irregular, is stained, but the bodj of the nucleus is pale 
and usually contains several deeply stained round bodies simulating 
nucleoli. Later on these bodies are all that is left. They shrink to- 
gether or even uiute into a small irregular deeply stained mass. The 
cell protoplasm is much more feebly stained than in normal areas and 
its outlines are indistinct. This nuclear degeneration may appear in a 
compact area uniformly or we may find all grades of degeneration in- 
termingled.f In tissue undergoing such changes the central portions 
of each lobule may appear much paler than the peripheral. The tra- 
becular arrangement of the cells may be exaggerated by a widening of 
the lumen of the capillaries in the periphery and made indistinct or be- 
come obliterated in the central portions. The destructive changes in 
central regions may go on to a complete loss of the nuclei. This ap- 
pears very well in methylene-blue stains. The necrotic portion refuses 
to stain at ail and the result is a mottled section with the isolated un- 
stained areas inclosed in an irregular network of stained material very 
striking even to the naked eye. Such mottling will, of course, appear 
with other stains, but not so distinctly. The extent of the necrosis 
may be as much as oue-third or one-half of the entire volume of the 
lobule,^ 

In endeavoring to acconnt for the fatty and necrotic changes of the 
parenchyma we think it probable that the bile stasis, by plugging up 
with solid bile the ultimate bile canals, may interfere in some way with 

* One may be at a loas to determine the limits of the lobules in the ox, owing to 
the abaence of an; complete connective tiesne boundary. In stained sections they 
are readily made out by taking as a guide the connective tiesne with its nnmetona 
stained nuclei in the spaces in which the interlobular veaBcla and dnots paw. 

t J, H. Detmers (5, p. 137) observed in 1883 the dieappearance of the nuclei and 
the reticulated appearance of the cell protoplasm. Babes, in 1889, described a simi- 
lar condition in Roumanian cattle affected with infectious hcemoglobiunria. (_S»6 
page 140.) 

i See the appendix under Nos. 3, 6, 9, 47, 69, 74, 95, 106, 112, 139, and 198. 

Google 
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the nutrition of the parenchyma or exercise upon it some deleterious 
istlaeiice through the stagnating hile and thus set the degenerative 
processes in motion. The bile stasis is nndoubtedly due to the break- 
iug up in the capillaries of the liver of immense numbers of infected 
corpuscles. A large amount of debris is thus brought to the cells for 
transformation into bile. The result is an abnormal fluid containing a 
superabundance of solids (pigment) which is unable to flow in the bile 
channels. How lar the degenerative process may be aided by any 
plugging of the capillaries with infected corpuscles it is impossible to 
state. In fact, the relation of the disintegration of the red corpuscles 
and of the bile stasia to the fatty degeneration and the necrosis 
around the central vein should he made the object of special patholog- 
ical study. 

Bile is found in the gall bladder in considerable quantity (one-half 
pint to a quart) after death. As might be anticipated from the de- 
scription of the changes in the liver, this fluid is greatly altered. The 
usual limpid greenish fluid is replaced by an almost semi-solid mass. 
As it flows from the incised bladder it has been aptly compared to 
chewed grass. The presence of mucus makes it cohesive enough to be 
drawn out into long flat bands as It flows. When it is allowed to 
stand quietly in a cylindrical vessel a layer of flakes settles down 
which occupies not infrequently one-half of the entire column. The 
supernatant fluid is much darker than normal bile. The suspended 
matter appears to be made up chiefly of small yellowish flocculi or 
flakes. A deep yellow tinge is imparted to all vessels and to the 
hands coming in contact with it. When examined under the micro- 
scope, the suspended particles are resolved into amorphous yellowish 
masses mingled with bright golden points barely visible at 500 diam- 
eters. The common bile duct has always been found pervious and in 
many cases an abundance of bile is found in the small intestine. 

Tke Mdneys. — We have in a preceding chapter referred to the condi- 
tion of the urine in this disease and have found it altered by the pres- 
ence of certain abuormal products, hasraoglobin and albumin. We 
might therefore anticipate more or less alteration in the secreting 
organ, the kidneys. In a considerable number of cases a sero-san- 
guinolent condition of the connective tissue and fat about the kidneys 
is observed. In a few easels the ventral surface of the organs appeared 
like two large blood blotches. The portion of the abdominal wall upon 
which the dorsal surface of the kidneys rest is free from these effusions. 

The kidneys themselves, like the other organs affected by this dis- 
ease, vary more or less in color, according to the severity and stage of 
the disease. In those cases which succumb early in the fever and in 
which the bladder is flUed with port- wine- colored urine, the kidneys 
are enlarged and of a uniform dark brownish-red color throughout. 
The usual markings are pretty well effaced. Wlieu fresh sections are 
examined imm differeut regions, the vascular system is found quite 
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uniformly engorged and distended with red corpuscles. The section is 
likewise sprinkled over with very minute pigment particles. Some- 
times irregular masses of red corpuscles, run together as it were, are 
met with in the vessels of the pyramids. Lesions of the secreting 
structures are not discoverable. Hemorrhages are uncommon. lu 
those cases which succumb after the htemoglobinuria and the fever have 
passed away, the kidneys are paler than usual and the texture is quite 
flabby. Sections of the freah tissue show in the cortex a considerable 
amount of pigment. In some cases the convoluted tubules are the 
elected seat of pigment deposit, and the epithelium of these tubes may 
be so filled with yellowish red pigment that they are easily traceable 
in their windings by their decided color. Fatty changes are occasion- 
ally met with in the epithelium, and the straight tubules of the pyra- 
mids may be flUed with fat globules. Degenerative or necrotic changes 
of the epithelium were not noticed in sections of hardened tissue from 
a few cases stained in various ways. In those cases in which the 
capillaries were filled with red corpuscles, the latter were usually all 
infected with Texas fever parasites. 

The pelvis and its ramifications were usually found beset with blood 
extravasations. It has already been remarked under the head of symp- 
toms that in most cases the bladder is found containing from one to 
four quarts of urine holding more or less haemoglobin in solution. 
Under the same head will be found a full discussion of this phenom- 
enon so that it need not bo touched upon here. The bladder itself 
may show a few ecchymoses on its inner surface. 

Digestive organs. — The upper portion of the digestive tract, includ- 
ing the paunch and reticulum, is generally free from morbid changes. 
The third stomach or manyplies was, in a few cases, somewhat 
"impacted;" that is, the contents were firm and rather dry and the 
superficial layer of epithelium of the lining membrane tended to peel 
off. In most cases it was normal. The fourth or true stomach 
(abomasum) shows not infrequently a hyperatmic condition. In some 
cases the laminated portion was of a uniformly bluisfa-pink color. Both 
Gamgee and the Metropolitan Board of Health of New York City have 
laid' much stress upon the lesions observed in this organ. Gamgee 
describes in addition to the general hyperEeiuia three kinds of lesions 
of the laminated, cardiac portion. He finds in some cases petecbise, 
" resembling flea-bites " in some respects, whose "center is dark and 
sometimes softened and perforated. " In others " the reddened folds 
are studded with minute yellowish-gray granulations due to a change 
in the epithelium, which becomes swollen and has a tendency to drop 
off. Each granulation does not usually exceed the size of a pin's head. 
This appearance is most marked where the folds are most congested 
and in some cases where the congestion is slight it requires a some- 
what careful inspection to recognize the presence of this change." The 
third lesion is described as follows : " Scattered throughout the folds, 
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especially neat their free edges, we find • • • marked erosions, as 
if the epithelium had beea peeled oif with a sharp liiiger-iiaU. " 

The lesion descrihed as the second was also present in many of the 
cases recorded in the appendix. Its constant appearance was very 
puzzling and might readily lead one to saspect some relation to the 
disease. Many of the granulations had their center perforated so that 
they suggested the presence of enlarged glauda with hyperplasia of 
the tissue surrounding the mouth. It was not until the fall of 1890 that 
the nature of these littJe elevations was solved. In an animal killed 
for some purpose, though free tram the disease, marked lesious of the 
mucous membrane of the fourth stomach were found. These consisted 
of yellowish- white exudations about as large as split peas, viscid and 
composed of round cells mixed with mucus and associated with the 
mouth of these elevated spots. A careful mieroBcopic examination of 
this exudate showed the presence of a very minute nematode, a 
strongyle, imbedded in the exudate. That this was the cause of these 
lesions was soon determined. Some sections of the fourth stomach of 
a case of Texas fever in which these lesions were present had been pre- 
pared sometime ago, but had not been studied, for want of time. These 
were now examined, and in the minute pits corresponding to the per- 
foratioQ in the center of these granulations the worm was seen coiled 
up at the base of the epithelial layer. It was also recognized as the 
worm found and described a few months before by Ostertag in cattle 
slaughtered in Berlin, Prussia. The worm described by him was larger, 
but the fact that it produced the same lesions made it highly probable 
that the two strongyli are of the same species.* This disposes of the 
second lesion seen by Gamgee. As regards the first, it is not unlikely 
that it represents the earliest stage of the invasion of the mncous mem- 
brane by the worm, but we will not be dogmatic on this point. 

As regards the erosions, it may be said that in a small proportion of 
our animals, irregular, very shallow, flattish excavations of the mucous 
membrane were found which had a blackish base. They varied mnch 
in size, some being quite small. They were moat numerous on the 
laminsD. Some were occasionally encountered in the pyloric portion. 
After finding these same erosions even quite abundantly in some 
healthy stomachs from an abattoir we interpreted them simply as trau- 
matic erosions due to the accidental presence of some foreign body. 

In the Investigations of the Metropolitan Board in 1868, the pyloric 
portion of the fourth stomach was found in many cases to contain deep, 
ragged excavations with hemorrhagic base. It is not improbable that 
at least some of these may have been the result of vascular occlusion, 
since in the animals examined at that time there seems to have been 
so fitr as the descriptions and Ulustrationa go, much more congestion 

'Ostertag named the worm Strongghu wnvolutut, bnt this waa changed b; Dr. C. 
W. Stiles, of tlila Division, who gave some attention to the worm snbBeqnently, 
to Strvngyltf OtUniagi. Jonm. Comp. Med., 1892, p. 147. 
X0320— No. 1 
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i>f the t'oui'tli HtitnmiCli and iiiteatineu than iu our own cases. These 
erosions were extensive in bnt one (;aa© {No. 198) of ours. Their con- 
NtancyledMiireitu Moirisinhis report to the Board to consider them as 
•A more certain indiciktion of Texas fever than the other lesions com- 
monly present. Witli this we can not agree. In fact we regard the 
digestive lesions as perhaps the least pathognomonic of the disease. 

In a few cases effected with a more or less chronic after-disease, 
there was much oedema of the coats of the fourth stomach, extending 
also to the mesentery. 

The lesions of the intestines are limited to hypersemia and pigmenta- 
tion. Begiuninf; with the duodenum, there is found generally an abund- 
ance of bile and more or less injection and pigmentation of the yilli 
appearing in the form of closely set points and fine lines. The remain- 
der of the small Intestine may show with the stomach more or less marked 
congestion, or there may he patches marked by the injection of minute 
vessels. In many of the cases examined the mucosa was pale and con- 
cealed by a thin layer of a grayish pasty consistency made up largely 
of desquamated epitheUum. The walls of the lower half of the small 
intestine contained quite invariably small worm tubercles. These ap- 
peared from the serous surface as dark bluish, slightly elevated nodules. 
In '{)assing the opened intestine between the fingers the mucosa was 
found intact while the tabercles gave one the sensation of small shot 
in the walls. They harbor a parasitic worm and have nothing to do 
with the disease. 

In the large intestine we find more or less hypersemia and pigmenta- 
tion in longitudinal lines corresponding to the summits of the folds of 
the mucous membrane. This condition is more marked in the csecum 
and rectum than in the colon and seems to be associated with tne con- 
stipated condition. Thus the cfecum is in some cases distended with 
very hard^ dry, fecal balls and some may be found in the rectum. In 
some cases no abnormal condition of the large bowel is discoverable. 

Differences in the patliological changes of our cases and those studied 6y 
former observers, — We have already called attention to the fact that, 
while jaundice was rare in our cases, it has been rather common accord- 
ing to other investigators. In f^ct it has been named " the yellow 
fever of cattle" on the strength of this symptom. Attention has also 
been called to the lesions of the fourth stomach in this respect. The 
causes for these dilferences may perhaps be looked for in the different 
condition of the animals examined. The Metropolitan Board in 1868 
examined cattle which had been traveling and had undergone much 
hardship both by rail and on foot. They were all western animals 
which succumbed soon after their arrival in New York. How far the 
deprivation of food and water, the crowding, the constant motion, and 
the marching may have contributed to a more active circulation and 
to an absorption of the obstructed bile from the liver into the blood 
mnst remain a conjectnre. In our cases the animals were simply 
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pastured aud the frequent blood examinations as well as the takiug of 
the temfterature were carried out with the least possible disturbance to 
the animals. Again the animals used by us weighed between 500 and 
800 pounds. They were not more than average animals in an average 
condition of fle.sh. It may be that the large fat animals iii a ple- 
thoric condition would develop the peculiar condition of the muscular 
system, the jaundice and the more marked hypercemia (and sloughingt) 
of the fourth stomach and intestiues observed in 18(i8. The essential 
lesions, however, are precisely the same. The disease first studied by 
(iramgee and the Metropolitan Board of Health in 1868 is the same as 
that now oeeupying our attention. The changes going on in the blood, 
the liver, spleen, and kidneys are so striking and peculiar that they 
could not very wdl belong to two different maladies. 

OHANGBS IN THE COBPUSCULAB ELEMENTS OP THE BLOOD. 

The condition of the blood, so far as determinable by the naked eye, 
has already been referred to. It grows very thin and watery as the 
disease progresses. This fact was emphasized by the earliest students 
of this disease, the investigators of the Metropolitan Board in 186S. 
Its prime significance seems to have escaped them and subsequent 
ones. In the {jreliminary pathological examination of four cases in 
1888 (Nos. 3 to 6 inclusive) the destruction of red corpuscles explained 
best of all the conditions observed. Hence the importance of concen- 
trating the attention on the blood and its cellular elements was at once 
recognized. In 1889 arrangements were made by which cases of the 
disease could be studied during life at the experiment station, and 
within easy reach of the laboratory, in the District of Columbia. In 
order to measure in some accurate manner the changes going on in the 
blood, the red corpuscles were counted as soon as living cases were ac- 
cessible. The result proved surprising in the extreme. It was found 
that there is a destruction of red corpuscles going on from day to day 
quite enormous in acute cases. Going parallel with this diminution in 
the number of corpuscles a change in their size and appearance became 
manifest which demanded a careful study in order that a distinction 
between the stages of the intraglobular parasite and the altered cor- 
puscles which might be confounded with them could be made. As the 
investigations proceeded an accurate knowledge of these changes 
proved very valuable as a means of diagnosis. In a nnmber of cases 
the recent existence of Texas fever could be at once determined by 
their presence, even though the Texas fever parasite was no longer to 
' be detected in the blood. These changes must now be considered as 
next in importance to the parasite itself in the diagnosis of Texas fever 
in all its forms. The present chapter is therefore a consideration of 
the changes, both quantitative and qualitative, affecting the red cor- 
puscles without reference to the micro-parasite accompanying them. 
This will be described in another chapter. , , , 
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THE DB8TRCCTION OF RRD BIJ)OI> COItrrHCl.RS. 

The red corpnsclea were counted with the appsirahis of Tboma, con- 
structed by Zeiss. In the direction for use accompanying tliGa]>paralus 
it is sQggested that 200 spaces should be counted in order to rt^duce the 
errors to a minimum. Owing to the large quantity of work tliat had to be 
done in connection with the various field esperiineiits to be described, 
the counting conld not be carried to the point of accuracy indicated. 
Moreover, the quantitative changes in this disease are so gioss that a 
slight error will not affect the comparative results. The method adopted 
was toconnt40 spaces. Two parallel rows of squares through the ruled 
field were counted. Such rows were chosen through which an addi- 
tional line was drawn in order to guide easily the eyes. Hence these 
rows were always four squares apart. By counting the red corpuscles 
in a row of squares any differences in their distribution from one side 
of the cell to the other were thus averiiged. A comparison of the re- 
sults of counts in the case of healthy controls, or of animals before the 
onset of the disease, shows a remarkable uniformity of results. More- 
over, successive counts either from the same dilution or from separate 
dilutions of blood from the same animal collected at the same time, 
showed that the greatest margin of error was one to two hundred thou- 
sand, a comparatively insignificant figure in the work before us. 

It was necessary also to make a modification in the collection ot 
blood. The uneasiness of many animals, the presence of flies, the heat 
and wind on the fields made it ne^^ssary to act with great rapidity. 
Hence the complete filling of the capillary tube was dispensed with- 
Only a fraction of the length was filled with blood, usually from 0.6 to 
0,9. The quantity aspirated was at once noted and the 3 per cent salt 
solution or Toiaon's fluid was drawn up t-o the mark indicated. In those 
cases in which the blood was very thm and the various squares con- 
tained only from to 3 corpuscles about 80 squares were counted. 

H in the collection of the blood, the dilution with the salt solution 
or Toison's fluid, its proper mixing with the blood, and es]>ecially the 
placing of the drop in the cell, be properly carried out the necessity for 
counting a large number of squares is made nugatory. Special care 
should be devoted to the cleaning of the glass cell and cover and the 
beeping away of all dust. When the coverslip has once been laid on 
the cell it should not be slid or moved about, so that the uniformity of 
distribution is not disturbed. The process of collecting the blood for 
counting is as follows: 

In most cases the animals could not be removed from the field and 
the examination of the blood had to be proceeded with on the field - 
itself. The various appliaoces necessary for the securing of fresh and 
dried preparations of blood and the counting of the blood corpuscles, 
were carried in boxes or trays. The animal was secured by its head 
and, in rare cases, one hind foot was tied, to forestall any ii^jnry to the 
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one collecting the blood, whose entire attention had to be givtin to this 
work. If desired, a rectangular box or stall may be placed in each 
field into which the animal may be led and secured. Or such a box 
may be placed nnder cover and then raiuy weather will not interfere 
with the work,* 

In collecting the blood the hair is clipped and shaved away over an 
area 2 or 3 inches square on that region of the rump overlying the 
flaring hip bones (iliam), where the animal is most accessible for this 
work. The shaven skin ia washed and rinsed with clear water and 
dried with absorbent cotton. To make the incision a spring lancet is 
used re-sembling those advertised and figured in most catalogues of 
medical and veterinary instrument makers. The incision must pass 
through the depth of the skin in order that a suffieieut flow of blood be 
secured. The depth to which the blade of the lancet penetrates may 
be regulated by a screw in the forked guard attached to the lancet. 
The lancet should be flamed in passing fit>m one animal to another. 
The soap and razor should not be used on sick and healthy alike, for, 
although we have no positive evidence that the disease maybe trans- 
mitted, either by these things or even by the lancet, such trauBmission 
is within the range of possibility .f 

'Such ft box is best oonetructed as TolloTa : Place thi«e pieces of 2 by 1 BtDdding, 
H feet long, od the floor parallel to caob other aud 3 feet apart. Erect npiights 
also ot2 by 4 stndding, and 3 feet high, 15 inches from the ends of eacli horizontal 
piece, and brace securely from the outside. Withtu this framework build, by board- 
ing np on the inside, a rectangular box 6 feet long, 3 feet bigh, and 2 feet wide, open 
at the top and one end. The front closed end of the box is hollowed oat to a depth 
of 7 to 8 incbee to receive the neck of the animal in the standing position, so that 
the head may extend over the end and be secured to a framework extending li feet 
beyond the box and attached to the box 2 feet from tbe floor. 

The whole framework mnst be very secnrely pnt together. The projection of tbe 
studding at the base with tbe braces on the outside serves to strengthen the box 
and to prevent its upsetting by the straggling of tbe animal. A bar can be slipped 
in behind the animal to keep it from backing out, and a rope or strap over the 
withers fastened to the sides of the bos will prevent the animal rearing forward. 

t We give a specimen page of tbe figures obtained from counting tbe blood egr- 
posoles as described above. 

No. llS(,1uiaUh3 0(mtrol.)— AagaBt«,lS92, 10 a. ju.: Temperature, 101 .8; repiration, 
64j palee, 56; blood collected, 7.3 divisions, 

(Toison's fluid was used in this estintation. It consists of distilled water 160 oo., 
neutral glycerine 30 cc. (at 30°), eodiom snlphate 8 giams, sodium chloride 1 gram, 
methyl violet .035 gram. It stains the white carpuscles so that both red and white 
may be oonnted in the same preparation.) 

FintTOWOfaquara: 

8 12 9 13 

13 11 10 U 
12 13 13 10 

14 19 8 13 



10 10 



463x100x4000x10 



, 6,342,466 red ooiposclM. 

61+62-I-50+60--333 wxi^ 
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The number of red corpuscles in cattle (obtained from the coantiea 
around the IJistiict of Columbia) daring health fluctuates more or less, 
as might be expected, but may be put down as eix milliouB in a cubic 
millimeter. Seven millious in winter, and five millions in late summer 
and early autumn seems to be not uncommon. The number may be 
said to fluctuate, however, between four and one-half and eight mil- 
lions, since these extremes are oceasioually met with. The following 
counts from healthy animals will serve as Illustrations: 



September 18, 1890 5,728,000 

October 3, 1890 6,190,000 

October U, 1890 5,807,000 



October 1, 1890 ... 4, 872, 000 ^ infected 



October 7, 1890 ... 4, 833, 000 
October 30, 1890 . . i, 670, 000 



September 29, 1890.. 

Octobers, 1890 

October 25, 1890 .... 



In addition to these illustrations there may be found in the appendix 
a large number of figures relating to the number of red blood corpus- 
cles of cattle in infected fields, but not yet diseased. The examination 
of the blood in 1891 was extended to many, and in 1892 to all, animals 
at the beginning of experiments, in order to get at the approximate 
normal for each animal, and also to make sure that the animals were 
in good health. Among the many cases which came under observation 
only one ansemic cow was found ; that is, only one whose red corpuscles 
fell below four and a half millions. This animal (No. 136) was ^ected 
with some catarrhal discharge from the vagina. Her record was: 



September 31 
October 8, It 
October 18, 1 



3,911,300 
3,753,800 
3,736,300 



8 U 7 13 



54+57+51-1-65=230 



Seven white corpuscles in 400 sqntiTes, 

7x 100x4000x10 
400 X 7.3 



9 white coTpnscIcs. 



In connting 40 squares the vacioiis factors in the fraction above balance each other 
in such a manner that it is only necessary to divide the unmber of corpuscles (463) by 
the quantity of blood collected (7.3 divisions of melangeur instead of 10, the quantity 
usually ooUccted). The first figure of the quotientgives mllUoiui. A similai simpli- 
fication of the formnla for the white corpuscles may be used. 
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In one case (No. 51) tuberculosis, liuiited chiefly to the Ij'mphaties, 
was discovered at the autopsy. Eveu io this aQJmal, after three days 
of high temperature from Texas fever, the (-orpaaelea still numbered 
5,125,000. There could have been ao auiemia, therefore, in spite of the 
tuberculosis. 

The destruction of red corpuscles is the essential phenomenon of 
Texas fever from which all the various pathological processes take 
their origiu. A glance at the figures in the appendix will show that 
this is a constant occurrence and present in every case in proportion 
to the acuteness and severity of the attack. Some illustrations will 
demonstrate these statements. 

No. so. 
[Salj S, 1890.— Beginning of eipwiire in Infected field (Teiu cattle).] 



J11I7BI 

Angiutsn 

Angiutat 

AnjinatSS— lp.m 



0,29(1,000 
6,0fi3,«00 
5,031.000 
0,^2.000 



To all appeartmcea in dying condlti 



IE tempemtare an Ade. 24. 



[July S, ineo.— BegipDing of eipesare in Infected field (leias iiBttl«.)| 



AugoMll 

Augnst 10 
Angiut2T 
Angoflt 20 



First bigli morning temperature A 



. bigli moi 
MBp.ni, 



[JnlyS, ISOl.— Beglnn 



No. 16S. 
■>{ eipOBure In infected Held (NorUi CuvllnB catUe).] 



Angoet 13 



These few examples will suffice to illustrate the rapid disappearance 
of red corpuscles from the circulating blood. They are by no means 
extrrane cases, but staud for the average rate of disappearance in acute 
cases. This would be for No. 80 at the rate of about 1,000,000 corpae- 
cles per cubic millimeter a day during the last three days; for No. 129 
at the rate of 800,000, and for No. 163, 700,000. That this rate of de- 
struction is very high becomes evident when we bear in mind that in 
No. 80 it represents the loss in twenty-four hours of one-sixth of all the 
red corpuscles usually circulating in the body. In the other cases it 
represents from one-seventh to oue-eighth of the whole number. 

In the mild nonfatal type the rate of destnii^tion is lower. 
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2fo.S6. 
[September 8, ISM.— Beilnnlng of eipoaure Id InTeeted Add (North CuoUni cttHU).) 



Sate. 


Number of 


BeouirkL 




^ 


e.M4,«00 
G, 610,00c 

^ua;ooo 

Sis 
S5 






































LawMt point reulied. 





In thiB animal, the loss which in an acnte case would have taken place 
in four or five days occupied from seven to eight weeka In these cases, 
however^ other dements enter, sach as the constant active prodaction 
of new corpuscles which masks to a great degree the actual rate of dis- 
appearance. Moreover, the destraction seems to go on not regnhtrly 
but in jumps or paroxysms. Thus in the case before us there was a 
decrease of 1,912,000 from October 22 to October 25, bat practically a 
standstill &om October 25 to October 30, and so on. 

Another fiict of considerable interest brought out by the periodic 
estimates of the red corpuscles is the oscillation of the number up and 
down daring the disease in some cases. It seems as if a period of 
destruction were followed by a period of regeneration, and this again 
by a period of destruction. This oscillation is occasionally traceable 
to the reappearance of the micro-parasite in the blood, as in No. 160, in 
which three different downward movements in the number of red eor- 
pnscles are associated with the reappearance of infected corpuscles. In 
other cases the microscope did not, during the downward movement, 
demonstrate the presence of the parasite, probably becaase sach ob- 
servations were often one or two weeks apart. The supposition at the 
time was that sach cases were getting well, and the tardy examination 
of the blood showed instead of the expected return to the normal 
auother downward movement. Very good illustrations of this oscilla- 
tion are afforded by Nos, 111 and 142, both the result of the intravenous 
injection of blood firom sick natives. In No. 142 the figures were as 
follows: 

September 16, 1890 6,890,000 

Septemlier 22, 1890 6,430,000- 

September24, 1890 1,5^,000 

September 29, 1890 5,274,500 

October 4,1890 3,902,000 

October 8, 1890 '5, 983, 600 

October 22, 1890 4,333,000 

November 4, 1890., 5,686,000 

•Thtflaomber is evidently too hi^lias compared with tbe preceding, and must be 
explained b; aBanming other forces .it work in uouocutrating the bluod boaide the 
mere regeneration. 
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It has beeQ assamed above thait the disappaaraace of toe red cor- 
pascleB ia chiefly due to their destruction. We have already seen that 
in the cases auder observation there were very tew hemorrhagic lesions 
which might for the time being reduce the number. The ticks can not 
be regarded at all as abstractors of blood iu this stage.* That they 
are largely destroyed within the body is shown (1) by the loss of 
haemoglobin through the kidneys, (2) by the overproduction of bile 
which is abnormal in the abundaiice of pigment flakes, and (3) by the 
actual observation of this destruction by the micro-parasite under the 
microscope. 

THE BEQBNBKATION OF BED BL( 



As determiTied by actual enumeration. — Passing by, for. the present, 
any farther discussion of this interestihg subject, let as turn to the re- 
generation of the red corpuscles. This, of course, varies in accordance 
with the vigor of the animal, its food, and the season of the year. It 
is, eveo under adverse circumstances, remarkably rapid and well 
adapted to occasion surprise. 

The regeneration of corpuscles a& indicated by the microscope is not 
in all cases indicated by the counting apparatus. That is to say, the 
regeneration may begin before the destruction has ceased, and if the 
latter process is the more active the count will show a loss, although 
the microscope may demonstrate the presence of a large ntuuber of n ew 
corpuscles. This actual regeneration, as indicated by abnormal forms, 
wiU be discussed forther on; here we will simply refer to the increase 
of the corpuscles as indicated by actual counting. A few illustrations 
will serve our purpose : 

No. 64. 

SeptembeT 9, 1890 3,154,000 

September 16, 1890 4,575,000 

September 29, 1890 4,869,000 

No. lot. 

September IS, 1890 1,950,000 

October 4, 1890 2,682,700 

October 17, 1890 3,894,700 

November 6, 1890 6,120,000 



2fo. 65. 

NoTember 4, 1889 1,720,000 

December 2, 1889 3,463,000 

No. 56 (Mild type.) 

November 13, 1890 1,183,000 

November 15, 1890 1,534,000 

November 17, 1890 1,655,000 

November 21, 1890 2,615,000 

November 26, 1890 3,880,000 

December 2, 1890 4,706,000 

December 11, 1890 4,603,400 



* The enlarged spleen, it is trno, absorbs from li to 3 pounds of red oorpuioles 
roughly speaking, since its enliirgemenl is mainly dne to an engorgement with 
them. If ve regard the red corpuBotes tw constituting one-third of the weight 
of the blood, this qaantitj would correspond to 4^ to 9 ponnds of blood. If we 
take the blood in cattle as one^thirteenth of the body weight(v. Limbeok, Kliniache 
Pathologie dee Blntea. S. 49) an animal weighing 800 poanda wonld carry 61.5 poonds 
of blood. The spleen would thus absorb the corpnaclea of one-fifteenth to one- 
seventh of the entire blood and reduce the nnmber of oorpasclea in a cmm. one- 
third to one million. The capillary engorgement of the kidney, heart muscle, and per- 
haps other organs may acoonnt for some losBee, bnt this is mainly dne to infected 
(Corpuscles which may be regarded aa destroyed. The above calcnlation iA, of 
course, very approximate . 
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The activity of the regeneration is well hroaght out id No. 50, a large, 
vigorousox. From November 17 to November 20 the red corpuscles 
appeared in the circulation at the rate of 250,000 per cubic millimeter 
per day. From November 26 to December 2 the rate of increase was 
about 140,000 a day. It is furthermore remarkable that iu the case of 
a few calves under observation the corpuscles rose rapidly in numbur, 
although the animals did not thrive after the fever departed. This was 
likewise observed in some adults. The blood-forming &nction seema 
to go on independently of downward processes of other functions. 

No.SS. 

October 11, 1890 3,543,800 

NoTembMlS, 1890 4,240,000 

D6cember2, 1890 5,643,000 

In this calf, the number of corpuscles steadily rose after the disease 
had passed away, in spite of gromng weakness and diarrhea. On 
December i it was unable to get on its feet, so that it had to be killed 
December 6. Opposed to these cases in which the blood-forming func- 
tion asserts itself under difKuulties, there are others in which the strain 
upon this function has been so severe that several phenomena appear. 
The corpuscles may Increase in number but not reach the Ml tide of 
the number present before disease until the following season. Or 
there may be a temporary standstill in the production of corpuscles 
when the number is still very low. In none of the cases in which the 
convalescence was fcllowed with the corpuscle counter did the nntnber 
remain below four millions after the end of three or four months, 

As determined by microscopteal examination, — The reproduction of 
new corpuscles as witnessed by microscopical examination presents a 
number of important phenomena. Taking it for granted for the pres- 
ent that we are able to detect newly formed corpuscles by certain pe- 
culiarities of form and staining which thoy possess during the more 
advanced stages of anaemia, we may lay down a few general proposi- 
tions concerning this production. In the acute type of Texas fever, 
when the daily loss of corpuscles amounts to from one-sixth to one- 
eighth of the normal number, there is observed little or no production 
of new corpuscles, until the number has fallen to one million or two mil- 
lioiis,andthenormaltemperature has returned. Then an abundant crop 
of new forms is seen, even when the animal succumbs in the end. In the 
mild, non-fatal type, in which the destruction of red corpuscles goes on 
much more slowly, and in intervals, and in which there is but little 
fever and general disturbance of health, the production of new cor- 
puscles begins at once and continues parallel with the destruction of 
older ones throughout the course of the disease. It is in such slowly 
progressive cases that the changes in the corpuscles accompanying 
their regeneration is best studied. Before pixweeding to a description 
of these forms, so valuable in the diagiiosis of Texas fever, a brief de- 
scription of the methods employed is called for, since they are the 
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same as those used in the important study of the micro-organism or 
blood-paraeite of this disease. 

The blood was examined in the fresh and in the dried condition. The 
drop of blood as it oozed from the incision was received at once on a 
flamed platinum loop soldered into a glass rod like the ordinary bac- 
teriological loops nsed for inoculating, etc. The platinum loop is simply 
brought in contact with the blood, and the drop placed on a clean glass 
slide and immediately covered with a cover glass and sealed with paraf- 
fin if the preparation is to be kept under observation for some time. 
The sealing is best done with a camel's hair brush dipped into melted 
paraffin. It is always desirable to have only a single layer of eor- 
pnsclea in the preparation. To insure this there should be no speck of 
dust on shde or cover, and the quantity of blood taken must be smalL 
This can be regulated by adjusting the size of the platinum loop. In 
the usual method of touching the drop of blood with the cover di- 
rectly the quantity of blood can not be limited, and many preparations 
are subsequently found to contain too many corpuscles. 

The preparation, of dried blood requires much care. Without going 
into an extended discussion of the relative merits of different methods 
we give the one found most satisfactory and adopted in these investi- 
gations. It is most readily understood by referring to the annexed 
figure: 

« 1- ^■ 

9- 

I 





A 

JTIO. 2— Method of preparing dry Uood flin 

In A, a cover glass ce is held by a pair of forceps b and has on its 
upper surface a drop of blood a placed there by a platinum loop. A 
second cover glass or "scraper" held by forceps is resting on the first 
with one edge and is held at an angle of 15° to 20° to it. As shown in 
B the Tipper cover is drawn over the lower, and as its edge sweeps over 
it it spreads out the drop of blood in a thin layer. In rapid work the 
forceps may be dispensed with. The lower cover is held between thumb 
and forefinger of the left hand at cc and steadied below with the tip of 
the middle finger, and the upper is firmly seized between thumb and 
forefinger of the right where the blades of the fbrceps would rest. 
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By using a pair of forceps which may be adjusted by a clamp, tbe 
scraper may be fastened between the blades, and by rotating it Its 
edges may serve to spread out three or four separate preparations. The 
scraper should be thick aud its edges smooth in order to insure uni- 
form distribution of the blood. It ia needless to say that this simple 
process is much superior to the barbarous one of placing two cover 
glasses together face to face in order to allow the blood to spread in a 
film between them, and then drawing them apart. Each corpuscle is 
thereby subjected to a long crushing process, whereas in the method 
before ua this is entirely avoided. The thinners of the blood film de- 
pends upon several things, such as the condition of tbe cover as re- 
gards freedom from all grease, the size of the drop of blood, the regu- 
larity of the edge of the second cover or " scraper," and the angle at 
which it is held during the operation. The layer is not of even thick- 
ness over the entire cover glass, bnt is thinnest where the scraper has 
began its work, and densest where it has left off at the edge of the 
cover, as shown in the figure. This is no disadvantage, however, but 
rather an advantage, as it furnishes ns with a layer of varying thick- 
ness which is of service, as will be pointed out farther on. The place 
where the scraper began and where the layer is composed of isolated 
corpuscles or groups of contiguous ones, they have dried so rapidly that 
theyare in astate of perfect preservation. Every prepairationhasthna 
some spots where the corpuscles are thoroughly "fixed," even if as a 
whole it may have been a failure. 

Theessential condition of success in dry preparations of blood is to get 
the corpuscles into a dried state as soon as possible after the blood is shed. 
For this reason it might seem desirable to eliminate the use of the loop 
and touch the exadlng blood directly with the cover glass, as is fre- 
quently done in the study of human blood when the finger tip is 
pricked. But the circumstances are different in cattle. The prick is 
useless and an incision must be made. The sur&ce of the skin is fiat 
and a cover glass touched to the oozing blood may bring with it epi- 
thelial scales and other objectionable things from the skin accidentally 
touched, however much the latter may have been cleansed beforehand. 
StiU, in rapid work, it is now and then of advantage to touch the ooz- 
ing blood directly with the edge of the scraper. Not infrequently the 
quantity of blood is small and does not well out of the incision. A 
loop then becomes indispensable in lifting it out.* 

The dried films of blood, kept labeled in small pill boxes until used, 
are exposed in a dry-Eiir oven to a temperature of 1100-120° C. for one 
and one-half to two hours. Drawing the covers through the Bunsen 
flame as for bacteriological preparations is liable to fail at any time 
from overheating or underheating, and is not to be recommended. 

• Hore recent observationa during the fall of 1892 have shown quite eonclusively 
that oold rapidly destioje the form of red cotposcleB. In bot it was impossible to 
prepare films out of doors in a temperature below 60'' F. 
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When, for rapid work, tliia method must be used the cover glass should 
be draws through the flame four times, each movement to occupy a 
Hccond. Three movements are usually iusufflcieut, for when the stain 
is applied the coloring matter of the corpuscles is dissolved out and the 
preparation is spoilt. When overheated the red corpuscles are apt to 
Btain so deeply that any granules or parasites within them are hidden 
from view." 

The staining process used for the dried and heated cover-glass prepa- 
rations is very simple. The cover glass is either allowed to float on a 
filtered solution of LSfifler's alkaline methylene blue or else the staining 
fluid is dropped upon the cover glass and allowed to remain from one 
and one-half to two minutes. It is thereupon washed in distilled water 
and dipped into a one-third per cent solution of aeetic acid for an ia- 
stant to remove any diffuse stain in the red corpuscles. Lastly the acid 
is washed away in distilled water.t It is then ready for examination in 
water or for drying and mounting in xylol balsam. Care must be taken 
to make the action of the acetic acid solution momentary, otherwise the 
decolorization may go too far. 

If we examine the blood of a mild autumnal type of fever every one, 
two, or three days, as described, certain phenomena appear regularly at 
certain stages of the anaemia. When the number of corpuscles has 
fallen to three millions avariable number of enlarged corpuscles appear. 
While the normal ones measnre about 5 or 6 ^ in diameter, the enlarged 
forms will be from 6 to 8 ;j in diameter. This is the first change observ- 
able, and it appears only when, as stated, the number has fallen to one- 
half the nonnaL As the destruction goes on and the number sinks 
lower, the large cells become more numerous, but they at the same 
time grow thinner and more delicate. When the number is below two 
millions, heematoblasts or nucleated red corpuscles begin to appear, and 
their number may be as high as 5 per cent of all corpuscles still in the 
circulation. It may also be noted at this stage that some of the large 
corpuscles show one or more small vacuoles in a cluster in the center 
of the corpuscle. These contain sometimes a barely visible (x 1000) 
particle in rapid dancing motion. These phenomena are all the result 
of the aniemia, as will be shown later, and have nothing to do with the 
micro-parasite. The variation in size of the red corpuscles is illustrated 
in Plate IT, Fig. 3, Plate T, Pig. 3, and on Plate ix. 

' In place of b, hoC-aii oven kept at the proper temperature by a thermo-regnlator 
the device of Ehrlich may be nged. Thiti conoiatB of a, Bnusen burner or a sioall ker 
omne Btove and a strip of sheet copper laid over it. It is evident that at different 
distances from the Murce of heat the capper wiU be of different temperatores. By 
placing drops of watec on it the place where the temperature is 100° C. can be ap- 
proximately ascertained by the behavior of the water. The cover glasses are laid 
upon the sheet of copper for a certain length of time at a point ooiresponding 
roughly to 120° C. 

I If the film has been properly heated (not overheated), decolorizing is qnito nq- 
necessary. 
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When preparations of bluod are dried and stained, another set of 
changes are observed whioh were hidden in the fresh preparationB. 
These changes are limited to the enlarged corpuscles. When the 
number falls below 3,000,000, a few corpuscles are now seen among 
large numbers of others, whose disc is sprinkled over with a variable 
number of granules which stain deeply in the alkaline methylene blue.* 
These granules vaiy in size. In some preparations of blood at this 
stage, they may be as large as 0.5 ^ in diameter, and there may be from 
15 to 30 in a corpuscle. A prolonged observation of these granules 
has suggested the theory that their size depends largely on the 
rapidity with which the film of blood has been dried. In those por- 
tions of the layer which are thinnest and flsed instantly, only small 
granules are seen; that is, snch as are, perhaps, not more than 0.1 fi in 
diameter. But in those portions of the layer in which the corpuscles 
are massed two or threa deep, the large granules are found, if present 
at all. The immediat* inference is, that the scainable matter diffused 
through the corpuscle collects into larger nuclei if there is any time 
elapsiug between the shedding and the drying of the blood. This time 
Is longest in the dense portions of the film. (See Plato iv, Fig. 3, Plat« 
V, Fig. 3, and Plate ix.) Tlie granules in a cell are not all of the same 
size, although there is not much variation in this respect in the same 
corpuscle. There are cells with very fine granules, and cells with very 
coarse granules. Cells with granules of intermediate sizeare also found. 
The large granules are usually round, and resemble very closely micro- 
cocci, but the slight irregularity in form and size disposes one to reject 
at once the view that they may be micrococci. The large grannies closely 
resemble one of the stages of the micro-parasite of Texas fever, as will 
be pointed out later on. The small granules do not appear round, but 
inore angalai, and even slightly rod-shaped. They are distributed 
quite unifortnly over the disc, excepting in a Itew oases in which there 
was a central space free from tbem. These bodies stain, as nuclei and 
bacteria do, with basic aniline dyes, and they are not readily decolor 
ized with acids. They are stained by hsematoxylin and refuse to stain 
with Ehrlich'a acid or neutropbile dyes. 

The granular forms are characteristic of that stage of the ansemia in 
which the number of corpuscles stands between two and three millions. 
When it falls below 2,000,000 other peculiar forms appear. The en- 
larged corpuscles grow thinner and larger, more easily distorted when 
the drying is retarded, and, when stained as above indicated, many of 
them show a diffuse, rather pale bluish coloration not easily removable 
by acetic acid. (Plate v, Fig. 1; Plate ix.) Some show instead of this 
diffuse coloration an aggregation of exceedingly minute granules which 
might easily give the impression of a diffuse stain. These types are 

*It sbonld be bome in mind that under the ooDditions form alated above the 
Dorinal red corpiibcle docs not retain the stain, either in the form of giannlea or 
difFoMlr. 
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not infrequently accompanied by hEematoblaats. It mast not be un- 
derstood that the dififerent stages of the anemia are characterized by 
the exclusive presence of one or the other of these changed forms. 
The granular or "punctate" cells may be met with in the various 
stages of the ansemia. Likewise the diffusely stained forms are in a 
few cases encountered with the punctate forms before the ana5mia has 
become adranced. But as a rule we meet first with the simiAy en 
larged corpuscles, next with the "punctate" forms, and lastly with 
the diffusely stained or "tinted '■• forms and the hsematoblasts. 

It is not desirable to go into any details concerning the nature of 
these corpuscles, as this has already been done from the standpoint of 
general pathology in another publication where the literature is also 
taken into consideration.t A few remarks are, however, in order as 
bearing upon an understanding of the disease before us. The various 
modified forms of red corpuscles, which we have been considering, arc 
perhaps all embryonic or immature forms. They have been hastened 
into the circulation from their place of manufacture, the red marrow of 
the bones, to supply an nrgeut demand created by the destruction of 
vast numbers of red corpuscles by the Texas fever parasite. This de- 
mand grows more and more pressing as the number of corpuscles (;on- 
tinnes to go down, and consetiuently more and more immature forms 
are sent until the bsematoblasts themselves, the progenitors of the 
red corpuscles, appear. The reasons for considering them embryonic 
or immature red corpuscles can not be entered into here. It must suf- 
fice to state that a comparative study of the embryonic cells in the red 
marrow and of these modified corpuscles in the circulation shows them 
to be the same. 

The stainable material in these new corpuscles may be some form of 
protoplasm imperfectly converted into the discoplasm of the adult red 
corpuscle. We have already presented the theory that the granules 
may be derived from the diffusely stained material by a condensation 
in the shed blood. This, of course, will demand special study. It is 
enticing to interpret, as has been done, the larger granules as frag- 
ments of tlie nucleus of the luematoblasts, but there are no observations 
directly supporting this view.:f 

The same modified or embryonic forms of corpuscles appear in the 
acute type of Texas fever after the high temperature has disappeared 
and the stage of convalescence has begun. They disappear speedily 
from the circulation when the number of corpuscles again begins to 
rise. In fact they seem to disappear when the number has risen to 2.5 

'These terniB are used in the appendix: to designate these modified corpuscles. 
tTheobaJd Smith: OnchangesiatheredbloodcorpuBclesiii thepernicionaaniemia 
of Texas cattle ferer. Trans. Assoc. Amer. PhyBioians for 1891. 

tit is a cnrioiiB fact that the grannlar, or " punotate" cells have not been seen in 
the parenchyma of the various organs (spleen, liver, kidneys), although the diffasely 
stained or "tinted" cells are present. 
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millions. Even when the regeneration doi's not go mi ([uiokly and the 
amemia remains stationary for a time the pun«;tate and tinted cells 
speedily disappear while the simply enlarged eorpnsfles or macrocytes 
remain in the circulation or rather are prodaced as such until the num- 
ber Is above 3 millions and they do not regularly disappear until the 
number is over i millions. 

While there could be no reasonable doubt that the forms described 
as abnormal are immature red corpuscles, there was enough resem- 
blance between the larger grannies and the smaller stages of the para- 
site to make a crucial experiment necessary. It might likewise be 
claimed that the body to be presently described as the micro-organism 
of Teias fever is nothing more than a pheuomenoo of embryonic or 
perhaps degenerated red corpuscles caused by some still unknown 
agency, which itself is the direct cause of the disease. It became there- 
fore necessary to show that the parasites are not the resnlt of the dis- 
ease and that in artificial aniemia they do not appear. To prove this, 
bleeding was resorted to, first upon a sheep then upon a cow. The ar- 
tificial aneemia brought about caused the various modifications de- 
scribed above to appear in the blood of both sheep and cow, but the 
various forms of the parasite did not show themselves at any time. 
These experiments are of sufficient importance to warraut their publi> 
cation here. 
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' This namber was obtained befbre tbe bleeding in ereTy cieo. 

These two experiments sbow that the various changes which tbe red 
blood corpuscles undergo in Texas fever are solely the result of the 
rapid and enormoua loss of red corpuscles. The enlargement of the 
corposcles, the presence of stainable matter in them in the form of 
large and small granules, and uniformly diffased, are phenomena ac- 
companying severe loss of blood by whatever means this may have been 
brought about, and are indicative of an active regeneration of the blood 
elements. We are therefore justified in drawing a sharp line between 
these phenomena and those to be subsequently described as the Texas 
fever parasite. , 

The white corpuscles of the blood did not obtrude themselves so far 
as flactaation in numi>ers is concerned during the various stages of the 
acute and mUd typ^s of the disease. Hence quantitative determina- 
tions were not attempted until the latter part of the season of 1891, 
when Toison's fluid was used." Both red and white corpuscles were 
tbm estimated with little extra labor in tbe same preparation of blood. 
In all cases the400squaresof the ruled cell of the Zeiss apparatus were 
counted. The number of leucocytes in these spaces is, however, so small 
(from 3 to 15) that we might anticipate only an approximate accuracy, 
unless we take the average estimate of 3 or 4 preparations. For this no 
time could be taken. Hence the figures as given in tbe appendix based 
upon the method here described can not be regarded as of much value.! 

. * See page 37. 

t The mefBcieuc; of the method used has heen commented npon recently by other 
inveetigatoTa who have had occaaion to iiae i t. A melangeiiT is now Bpecially prepared 
by ZeiBB fot the estimation of the white corpuscles, and cooatmcted to give a one- 
tenth dilation of a considerably larger quantity of blood, in order to concentrate 
tbe white oorpnaolea. This was latterly tried hat found useless, since the capillary 
tabe is so wide that It no longer retains the colamn of flnid by capillarity and the 
blood drops away before it can be mixed with the dilating fluid. We tmst that this 
Refect may be speedily remedied. 
10320— No. 1 1 
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Aa £ar aa they go, they indicate not very mnvh fiuctuation. Any im- 
nsaal increase in nnmbers was not noted in the staiQed preparations of 
any case which came under observation. In some cases an abnormal 
crowding together of leucocytes was observed in dried preparations, 
which crowding must be regarded as having existed within the blood 
vessels, for there was no time for any massing together after the blood 
had left the vessels. 

Whether the disease affects the different kinds of leucocytes either 
qualitatively or quantitatively has not entered into the scope of this in- 
vestigation. It shonld be said, however, that in the stages of advanced 
anaemia when h^matoblasts are occasionally detected in the circulat- 
ing blood, peculiar round bodies, which stain deeply and solidly with 
methylene bine, and which are a trifle smaller than red corpuscles, are 
frequently detected. A careful comparison of these with the nuclei of 
the hEematoblasts makes it safe to regard the former as such aaclei 
which have been set free in the circulating blood. 
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TEXAS FEVER IS NOT CAUSED BY BACTERIA. 

We have thus far considered only the changes caaBed by the disease 
ID the blood and the organs of infected cattle and the manifestation of 
these changes dtiring the life of the animal and after death. They are 
the concomitante and the resultants of certain canses at work in the 
body of the animal and are to us interesting and important only in so 
far as they shed light upon the nature of these causes. And what are 
the canses at work in producing Texas fever! This problem has occu- 
pied the attention of a number of investigators since 1868. The gen- 
eral belief that Texas fever could be nothing else than an infectious 
disease due to the maltiplication of some minute organism entering 
the body from without, led to a search for this microorganism by most 
of those who made this disease a special study. Dr. B. G. Stiles of 
the Metropolitan Board found in 1868 in the bile of Texas fever " pre- 
served for analysis" minute vegetable organisms "in the form of spheri- 
cal or irregular aggregations of micrococcus." From bile sent to Prof. 
Ernst Hallier, of Jena, Germany, this savant cultivated a mold (1, p. 
1141-1150). It is needless to go into the details of this investigation, 
for its methods are exploded and its results fantastical to say the least. 
Gamgee examined the blood of Texas fever with high powers, but 
found nothing unusual. Drs. Jolin S. Billings and B. Curtis of the 
army studied the blood with reference to the presence of cryptogamic 
growths at about the same time, but their efforts were fruitless. 

Dr. D. E. Salmon, in 1883, described a diplococcus obtained from the 
spleen in cultures, but left its relation to the disease undecided (5, p. 13). 

Dr. J. H. Detmers {6, p. 134) mentions the presence of bacilli and 
micrococci in the liver just after death, but none in the blood. 

In a report published in 18SS Dr. Frank S. Billings claimed, some- 
what pompously, to have discovered the "true germ" of Texas fever .• 

'The announceineiit of thia snppoeed discover; is entitled to qnotation : 
" Heuce the germ of the Bonthem cattle plague has been diacovered, and I think that 
I ma; be pardoned the egotism of claiming this to be the first occasion iu American 
medicine that not only one but two germ diseases of animal life have been traced 
out and their origin placed upon au impregnable baais. 

"The order of events seems to be reversing itaelf! The sun of original research, 
in disease, seems to he rising in the West Instead of the East, so far as America is 
concerned. Thia honor does not belong to me alone," etc. (8, p. 72). 

Bl 
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TMs germ is aaid to be like the germ of Billings's swine plagne (hog 
cholera). It "has been found in the blood, the gall, the urine, the 
liver, spleen, and kidneys " of every diseased animal that was exam- 
ined. It produces Texas fever in cattle when inoculated in " unques- 
tionably pure cultivations." 

This seems to be sufficient proof. In scientific research, however, es- 
pecially when an important discovery is involved, it is incumbent upon 
the investigator to give at least to some extent the details of his experi- 
ments, so that others may form an opinion of their own as to whether 
the work was properly done and the conclusions or inferences war- 
ranted. Instead of a conscientious report of work done we find in this 
bulletin of 138 pages the same padding used in the swine-plague re- 
port of the same author. Quotations, criticisms, and discussions, mostly 
foreign to the object of the report, together with an unwarranted drag- 
ging in of yellow fever, constitute the bulk of the text. 

The germ of Texas fever as found by Billings stains at the ends. It 
grows on potato with a delicate straw color, which finally becomes a 
brick -red yellow. In the beef infusion gelatine tube it does not liquefy 
gelatine. These meager facts are not sufficient to distinguish this 
organism firom a large group of bacteria living especially in the intes- 
tines of all domesticated animals. In fact the few characters apply 
very well to the bacill'us coli communis, a universal saprophyte in de- 
composing organic matter of intestinal origin, and one that has patho- 
genic properties with refercDce to smaller animals. This supposition 
is strengthened by the fact that Billings found in fresh and old mannre 
bacteria not to be distinguished from the supposed Texas-fever germ. 

As to the crucial test — the production of Texas fever by the inocula- 
tion of cattle with cultures of this germ — one case is reported. A black 
steer calf five months old presented four days after inoculation a tem- 
perature of 43.50 0, (106.50 -p.). The temperature remained high for two 
days, when the animal was killed for examination. A glance at the 
autopsy notes shows that there is nothing to prove that the disease was 
Texas fever. In the liver "each acinus was most beautifully demar- 
cated by delicate lines of a bright yellow color, which represented the 
interacinus and distended gall ducts." In Texas fever the bile injection 
is, as a rule, limited to the ultimate bile caualicnli within the acinus and 
rarely extends into the interlobular bile ducts. Was the bile stasis m 
the intralobular tissue actually seen under the microscope in this caseT 
The important pathognomonic sign of Texas fever — haemoglobinuria — 
was absent. The evidence that this steer was suffering from Texas 
fever is therefore not sufficient by any means, although we do not wish 
to claim that it was not Texas fever. This latter disease may have 
been induced by contact with ticks, or by the presence of the Texas-fever 
parasite in the cultures originally introduced with blood or bita of tissue. 
The total absence of any experimental details as to what culture was 
used, how it was injected, where the animals came from, etc., leaves us 
wholly in the dark as to the accuracy of the experiment. 
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These are all the faota of irnportiiice conuuimicated byBilliugsinhia 
report on the ^apposed bacterium of Texas fever.* Eveu if the evi- 
dence to be adduced farther on were not diametrically opposed to 
them, the meagemess and vagueness of the statements made by him 
woald prevent any candid unbiased observer from accepting them with- 
out great reservation. As to some other theories presented by Billings 
in his report, we shall recar to them &rther on. 

In May, 1890, a bnlletia on Texas fever was published by Dr. Paul 
Paquin, of the Missouri Experiment Station (9), which describes inves- 
tigations conducted between September, 1888, and March, 1890, Paquin 
claims to have found a germ, but it is impossible to discover from the 
descriptions anything concerning the nature of this germ, excepting 
perhaps that it does not exist, and that a variety of microscopic things 
were seen in the debris of the blood, bile, and liver, which were con- 
sidered by the author without any supporting proof as the Protean 
fonns of a single organism. This kind of logic may suit disappointed 
observers, but it does not contribute anything to our knowledge of the 
subject. Moreover, in departing from established methods t and in 
describing forms presumably existing which are wholly unlike any 
already recognized, the burden of proof rests upon the aatbor and the 
work must be unusually well done to merit any attention. Tbe con. 
elusions reached by the author and presented on page 43 of the bulle- 
tin have none of them received even tbe shadow of a proof in the text. 
That bacteria may be found in cases of Texas fever is unquestioned, 
but that they have anything whatever to do in producing the disease 
demands rigorous proof. It would be difficult therefore to analyze a 
report of experiments, however conscientiously pursued, in which the 
fundamental elements of scientific research — a carefnl record of such 
experiments and their details and souud logic in drawing conclasions 
from such experiments are at ikult. We refer here only to the work 
involved in the study of the cause of the disease. The vaccination 
theory will be discussed farther on. 

In the third annual report of the Arkansas Experiment Station 
(1890), Dr. R. E. Dinwiddle reports that in a large number of cultures 
on different media fjrom three cases of Texas fever no bacteria de- 

'Aftertheabove was written an article bjBillings on the etiology of southern cattle 
plagoe ( reiaa fever) appearBd in the Journal of Comparative Medicine for 1892, be- 
ginning with the Jnly number. The remarks in the JalyandAngostnnmberBmajbe 
passed over without oommeat. In the September and Ootobe^ nnmbers is contained 
praoticaU; what has been stated above, largely drawn from his report. There ia 
quoted in addition an experiment with cultures f^om ticks with which ho claims to 
have produced Texas fever. While we ate pleased to see that, since reading pre- 
liminary articles in the reports of the Secretary of Agriculture, Billings is now pay- 
ing some attention to ticks, we must wholly dissent froia his conclusions, which are 
practically the same as those reviewed in the text. The conclusions whioh we have 
drawn and those presented by Billings in these articles may be aa&ly left to the 
judgment of future workers in this field. 

(See p. 8, which describes tbe method of preserving tissues. /^~- i 
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veloped. He also isolated bacteria from the intestiues which proved 
negative when inoculated. 

In our own work the first problem which naturally presented Itself 
was to determine whether bacteria could be regarded as the cause of 
the disease. Hence the very first and some of the later cases were 
utilized for this purpose. As to the first postulate necessary to be 
ftilfilled in demonstrating the cause of any infectious disease — to find 
with the microscope the bacterium or other organism in the body of the 
diseased animal — this failed utterly in all the cases examined. The 
thousands of cover-glass preparations of the blood, spleen, liver, kid- 
neys, etc., examined fresh and stained never showed any bacteria ex- 
cepting when the animal had been dead for a number of hours. Ani- 
mals killed in a dying condition were almost invariably free from bac- 
teria. Those which succumbed in the night in midsummer contained 
usually large bacilli which are denominated post-mortem bacilli in the 
appendix, and which are familiar to every worker in bacteriology. 
They are specially abundant in the carcasses of large animals, from the 
pig up, which have been dead some time; probably because a large 
carcass remains warmer and more thoroughly deoxidized than a small 
one, and thns becomes a good medium for this ana^obic bacillus to 
fiourish in. This bacillus does not grow in ordinary culture tubes, ex- 
cepting perhaps very feebly in the bottom of bouillon tubes and in 
impure cultures on agar-agar. These bacilli are mentioned as being 
present in Nos. 5, 6, 65, 106, 129, 144, 164, 169, 180, 227. They are 
somewhat broader than anthrax bacilli, have rounded extremities and 
usually occur single. They stain readily and deeply in all aniline 
dyes. The mention of this familiar intercurrent bacillus might have 
been passed over were it not that observers who have described bac- 
teria in connection with Texas fever may have occasionally mistaken 
this as the cause (9, p. 43, third conclusion). 

As to the cultivation of any bacteria from the blood and tissues in 
Texas fever, the results are equally negative. Special attention was 
paid to this phase of the problem in 1888. In the appendix will be 
found a brief statement of this work under the six first cases and after 
the sixth a summary of the results obtained with a bacterium which 
appeared a number of times in the cultures. That it was the ordinary 
bacillus eoli communis of the intestines which had found its way into 
the liver and thence into other organs there can be no doubt, for sub- 
sequent comparisons with baeillus coli from the intestines of healthy 
cattle proved them to be identical. It should also be remembered that 
this bacillus was present in exceedingly small numbers, as will be seen 
from the quantity of tissue or fluid used for inoculating the various 
culture media and from the fact that they were never seen in cover- 
glass preparations. A large series of cultures were also made from 
several cases of the disease in 1889 and 1890 with equally negative 
results. In most cases the cultures remained absolutely sterile. In 
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some a few cultures developed, the cooteiits of which were explainable 
either as coutamiuatious or as coming from an animal in which fre- 
quent ekin iociBions in the last stages of the disease may have led to 
the introduction of a few bacteria into the circulation. The results 
obtained from cattle infected by Texan animals were as ne^^ative as 
those from North Carolina cattle, (See No. 128.) Cultures have thus 
fkr been made from four different outbreaks, aud the blood and the 
tissues have been examined microscopically iirom as many more. (See 
Nos. 1, 2, 3, 4, 5, 6, 43, 44, 48, 54, 70, 128.) 

We are, therefore, ready to admit that there are no bacteria in the 
blood and tissues of animals suffering with Texas fever, excepting 
oc<;aaional individuals which probably enter the circulation &om the 
intestines by way of the disintegrated liver. But may there not be 
bacteria living only in the intestinal tract which send their toxic prod- 
ucts into the circulation and tiios cause disease! This hypothesis 
might be attractive to those who will insist on bacteria as the cause of 
Texas fever, but there are no facts to support it, and in view of the 
more definite resolts obtained by us its discussion is useless. 



THE MICROORGANISM OF TEXAS FEVER. 
[Pyraioma 5i^«iniRuin, n. »p.*) 

Although Texas fever is essentially a blood disease, and only sec- 
ondarily affects the spleen, liver, and kidneys, most observers have 
failed to recognize this fact. B. C. Stiles (1) was the earliest and the 
only observer who laid any stress upon the changed condition of the 
blood corpuscles. He says: "The red blood corpuscles when exam- 
ined immediately after removal from the body were shriveled and 
crenated without artificial provocation. • • • In one case many of 
the disks appeared to have lost a portion of their substance, as if a 
circular piece had been punched out, the addition of water failing to 
restore the disk to completeness." There can be little doubt that Stiles 
saw at that time the microorganism of Texas fever, without, of course, 
recognizing it, since this description applies very closely to the ap- 
pearance of red corpuscles infected by this micro-parasite when the 
blood and the parenchyma of liver, spleen, and kidneys are examined 
fresh soon after death. Other observers have examined the blood, but 
have seen nothing unusual. 

In 1888 during the examination of portions of the organs of cases 
Nos. 3 to 6 inclusive the destruction of the red corpuscles seemed to 
be the one prime phenomenon of the disease. The largo quantity of 
hemoglobin in the urine, and the peculiar condition of the liver and 

*For the preliminary annoimoement of the diacoveiy of this mioroorganism gee 
tlie Annual Report of the Secretary of Agricnltnre for 1889, the Medical Nawa for 
December 4, 1889, or the Proceedings of the Americtui Pablio Health Associatioa 
for 1889. ,- I 
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the bile indicative of hypersecretion could not but lead to the hypoth- 
esis that there was some destructive agenc; at work in the blood. B. 
0. Stiles in 1868 assumed the liver to be the primary focus of the dis- 
ease and believed that the alteration of the blood elements was due to 
the absorption of bile from the liver Into the circalatioii. This infer- 
ence &om the observed pathological phenomena is erroneous, for the 
liver is doing too much work rather than not enough, and the destruc- 
tion of blood corpuscles goes on very early in the disease. The out- 
comeof the work in 1888 was the formulation of several theories as to 
how the blood corpuscles came to their destruction : 

(1) There may be organisms in the blood which by the production of 
toxic products act directly on the corpuscles. 

(2) There may be some toxic substance in the digestive tract which 
is absorbed into the blood and causes a dissolution of the red corpus- 
cles. This substance may be the product of specific bacteria multiply- 
ing only in the digestive tract. 

(3) There may be micro-parasites which invade the red corpuscles in 
a manner similar to those of malaria, and which by their growth disin- 
tegrate the containing corpuscle. 

The first hypothesis was soon made improbable by the absence of any 
demonstrable organisms in the parenchyma of the various organs which 
are abundantly supplied with blood, such as the liver, spleen, and kid- 
neys. To test the second the contents of the digestive tract, more par- 
ticularly the small intestine, were carefully examined microscopically 
in 1888 and many plates and rolls of gelatine were made with the in- 
testinal contents without bringing to light any other than the ordinary 
intestinal bacteria. It is true that this method was merely preliminary 
and would have been followed by more exhaustive bacteriological studies 
of the digestive tract had not the third hypothesis fiimished the clue. 
This, however, could not be tested in 1888, since no living animals 
were accessible, and the results of the study of the blood elements 
could not be considered reliable when obtained only from the organs of 
animals dead twenty-four hours or even longer. In the very first case 
which succumbed on the experiment station at Washington, in 1889, 
certain microorganisms were found within the red corpuscles which 
will now claim our attention. It should be said, however, that these 
bodies were noticed in the spleen of a case as early as 1886, as will be 
seen from the notes of Ko. 2, of which only this organ was brought to the 
laboratory. 

PECULIAR BODIES FOUND IN THE BED CORPUSCLES OP HEALTHT 
CATTLE. 

In endeavoring to prove the existence of specific parasites in the 
blood as causes of disease it becomes necessary to prove their absence 
during health. A large series of microscopic observations have been 
made upon the blood of cattle which were not infected as well as upon 
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those which were infecte*! before the disease liad appeared and after it 
had passed away. In a preceding chapter we have treated of the uum- 
her of red corpascles in health and in Texas fever, also the changes 
which they undergo in this disease and the methods to be used in study- 
ing them. These methods apply in the stndy of the microorgaDism 
and the reader is referred to them (p. 43), The red corpuscles of cat- 
tle retain their form pretty well when examined in the fresh condition. 
After a time small conical protrusions form on them as they shrink and 
shrivel, and the stramonium forms begin to appear. 

In 1890 certain minute bodies were first observed within red corpus- 
cles of cattle in health. They are present in variable numbers. In 
some cases they are not found even after prolonged examination of 
cover-glass preparations (apochrom. 2 mm. oc. 4 or 8). In some a few 
may be seen in a single field. In several eases as many as 10 per cent 
of the corpuscles contained them. They may appear as barely visible 
points with a bright luster. Whether this brightness is a resultant of 
the color of the body itself and that of the corpuscle within which it is 
lodged it is impossible to find out. Suf&ce it to state that as we look 
into the microscope at a corpuscle containing one of these bodies it 
appears as a bright, almost golden, speck. These bodies are not all of 
the same size and form, although their minuteness makes it impossible 
to express differences in figures. They range in size from mere specks 
to quite appreciable coccus-like bodies. Frequently a tod-like form 
with a central constriction, reminding one of diplo-bacteria, appears. It 
may be that the rod-like forms are observed as round bodies when 
standing on end within the corpuscle. In general they are rarely 0,5 
H large, usually much smaller. In the table of the appendix they are 
indicated provisionally as bright bodies. Plate vi, Fig. 9, gives an ap- 
proximate idea of the relative size of these bodies. The third and the 
fourth corpuscle contain bodies which are much too thick, however. 

Another interesting phenomenon of these bodies is their occasional 
motility. Many change their place within the corpuscle. When first 
detected the speck is usually situated at the periphery of the corpuscle. 
When watched closely for a few minutes it may be seen to move to- 
ward the center of the corpuscle, then back again toward the 
periphery. Then the movement may be along the periphery for a dis- 
tance, succeeded perhaps by a movement across the entire corpuscle. 
The smallness of these bodies does not allow us to state whether this 
movement is passive and due to currents witliin the corpuscle or 
whether it is the active, spontaneous movement of a living organism. 
There are, however, cases in which it is difficult not to accept the view 
that the movement belongs to a living body. The warm stage seems 
to accelerate these movements, but since heat is also likely to cause 
diatmbance of the fluid within the corpuscle, this acceleration does 
not add to the proof that we have organisms before us. Fig, 10 on 
Plate VI shows the path of one of these motile bodies. They do not 
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reappear in dried and stained preparations, whicb means that they do 
not stain. 

It has already heen stated that these bright specks are present in 
the red corpuscles of healthy cattle. They are Ibniid in all seasons of 
the year and in most animals examined, in southern (North Carolina 
and Texas) as well as native cattle. Besides these bright bodies, many 
of which are constantly changing their places within the corpuscle, 
there are occasionally seen in the fresh blood, both in health and dar- 
ing the fever period of this disease, bright rod-like bodies within cor- 
puscles, which do not change their place. They lie usnally at the edge 
of a paler area within the corpuscle, and the impression is conveyed 
that they are crystals derived from the hemoglobin of the adjacent 
pale spot. There are from two to four of these minute rods in the af- 
fected corpuscle. 

In addition to these intraglobniar bodies present in healthy blood, 
certain forms are now aud then seen in dried preparations stained in 
methylene blue which might be mistaken for Tesas fever parasites. 
They are round, deeply stained coccus-like bodies situated quite near 
the periphery of the corpuscle and about one to two ij. in diameter. 
There is never more than one in a cell. They differ from the infra- 
globular parasite by a deep blue stain aud by the compact round form. 
They are probably remnants of the nucleus of the ancestor of the cor- 
puscle — ^the hcematoblast.* 

THE MI0B05bGANISM IN THE ACOTB TYPE OP TEXAS FEVEE. 

In describing the micro-parasite of Texas fever we shall describe the 
vanons forms and stages as they are met with in actual examinations 
first and then construct its life history as far as that is possible from the 
recorded facts. 

In fresh blood of the acute disease during life. — When blood is drawn 

'The interpretation of appearancea in the fleld of the microscope is frequently 
beset with difficalties, and certain foreign bodies are likely to intrude and give rise 
to falae impressiona. To those accnstomed to tbe examination of the blood elements 
this is not likely to happen, hat to the beginner in tbia work certain snggeations 
will not be superflnons. In preparationa of fresh blood from cattle a large number 
of vei; minute reA^octiug spherical bodies about as large as the earlier atages of the 
Texaa fever parasite are iVeg^aently found in all parts of the preparations. They 
may be attached to the disks of many corpuscles and appear like intraglobular 
bodiea. Their presence in other parts of the field &ee from corpuscles as well as 
caiefiil focuaing shows them to be foreign bodies. Prolonged observation has led to 
the inference that they are derived from tba fat in the aebaceoua follicles of the 
skin, because tbey have been occasionally encountered in masses on the slide. The 
incision perhaps dielucates such masses and the blood carries them out. 

In stained preparationa bluish spota are not infrequently found on red corpusclea 
which might be mistaken for parasites. They are nothing more than bluod plates 
which have attached themselves during the drying of the tilm to the corpuscles. In 
general it may be aaid that such misinterpretations will not occor after the varioua 
■lagea of the micro -parasite have been once recognized. 
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from the akin during the fever iiiid examined at once witli high powers 
(500 to 1,000 diameterH, Zeiss apochrom., 2tniii., oculars 4 and 8) certain 
corpuscles will be found containing two pale bodies of a pyrifomi out- 
liBe. One end of each body is round and the body tapers gradually to 
a point at the other. They vary somewhat in size in different cases, 
- but the two bodies in the same corpuscle are as a rule of the same size. 
They are from 2 to 4 ^u in length and 1.5 to 2 /j in width at the widest 
portion. (Plat© ti, Figs. 4, 5, 6.) Their tapering ends are directed to- 
ward each other and usually close together; their rounded broad ends 
may occupy various positions with reference to each other. They may 
be seen together with the axes of the bodies nearly parallel or they may 
he fiir apart, the axes forming a straight line. (Plate T, Fig, 2.) The 
bodies themselves have a homogeneous, pale appearance, contrasting 
markedly with the inclosing red corpuscles from which they are sharply 
outlined. There is no differentiation into peripheral and central zone, 
no granular appearance of the body. Several slight variations in the 
appearance of these bodies at different times have been noted. The 
smaller forms are as a rule homogeneous ; the larger forms are very fre- 
quently observed to be provided, in the rounded end of the pyriform 
body, with a very minute spherical body probably not more than 0.1 to 
0.2 ;* in diameter, which contrasts dark with the body itself. In several 
cases it manifested a brilliant luster with very high powers. (Plate Ti, 
Figs. 4, 5; Plate viir, Figs, i, 6.) In the largest pyriform bodies there 
was seen in the center of the enlarged end a som'ewhat larger round 
or oval body which seemed to take the place of the smaller body or else 
be associated with it. This second body was from 0.5 to 1 ;i in diameter. 
It changed it-s appearance with the focus. At a low position of the ob- 
jective the parasite appeared dark with a light round spot in the enlarged 
end. At a higher position of the objective the inner body appeared 
dark, inclosed in the hghter pyriform outUne. One or both of these 
bodies were observed in some of those forms undergoing amoeboid 



L question of considerable interest to be discussed fiirther on is the 
relation of these two pyriform bodies to each other in the same cor- 
puscle. Any direct mutual connection of their tapering ends is not 
demonstrable in the fresh preparation. 

When exposed to a temperature of 35^ C to 42° C on the warm stage* 
some of these bodies, by no means all, exhibited changes of outline. 

•PffliflFer's warm atag« ae conHtruoted by C. Zeiss was used. The entire micro- 
scope is incloBad in tlie box: (with exception of ocular and adjastment screwe). Tbe 
heat is communicated to the heavy iron bottom of the bos and thence to the air and 
the microscope stand which rests upon it. The drawbacli to this apparatus is tlie 
large amount of heat which is stored in the iron base and which may cause the tem- 
peratDTe of the stand to rise faster than that of the surrounding air. As these ob- 
servations Dpon the fresh blood had to be made mainly at the experiment station 
with no gas at hand, the heat was applied with an alcohol lamp and the thermometei 
oareAilly watched. - i 
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These taay go im contiuiioiisly in some bodies, in others quite slowly. 
The motion most frequently exhibited consists not so much of a thrust- 
ing out and withdrawiug of pseudopodia as of a eoutinual recastdng of 
the general outline of the body as we find it for esample in the leuco- 
cytes of mammalian blood. {Plate TUi, Figs. 1, 2, 3.) The changes of 
form may go on so continuously and so rapidly that it is not posBible to . 
sketch them all, as some escape observation during the sketching. 
The motion described does not of necessity require the stimulus of heat. 
During the past summer the same continuous rapid changes were ob- 
served in preparations of blood, sealed with paraffin, at 75° and at 
85° F. In the former case the slide had been prepared at 10:45 a. m. 
The motion was still noticeable at 3 :10 p. m., when the observation was 
discontinued. In the latter case the observation was discontinued six 
hours after the drawing of the blood, although the motion had not yet 
ceased. The sparseness of the micro-parasite in the blood makes it 
impossible to state definitely whether this amoeboid motion belongs to 
a certain stage of its life. On the whole the observations tend toward 
the inference that the pyrifonn bodies do not change their form and 
that the motion belongs to ayounger stage. It should likewise be stated 
that the amoeboid bodies observed were apparently single within the 
corpuscle. 

If dried cover-glass films, heated, stained in alkaline methylene blue 
and decolorized as described on p. 44 be examined in water or bal- 
sam — preferably the former — it will be found that the forms des- 
cribed have become stained. The staining, however, is more feeble 
than in those micro -parasites found in the internal organs after death. 
It is limited usually to a zone on the periphery of the body, the center 
being feebly blue or entirely free from coloring matter. (Plate v, Fig. 
2, 3d; Plate vi, Fig. 7.) In the latter condition it has been observed 
that these circulating forms have a peculiar luster, as if they possessed 
(in the dried and stained condition) feebly refracting powers. Other 
basic aniline dyes, such as methyl violet and gentian violet, are equally 
applicable. Fuehsine stains the organism, but also afiects the contain- 
ing corpuscle, so that the pictures obtained with it are not satisfactory. 
Hsematoxylin likewise stains the organism fairly weU. In general the 
clearest, most distinct pictures have been obtained with LofBer's alka- 
line metliylene blue. 

The intraglobnlar parasites found in the acute stage are not all 
pyriform and paired. In fact a considerable number as seen in stained 
preparations are somewhat irregular in outline and single. These are 
probably the bodies which were undergoing amoeboid changes when 
they were dried in the film on the cover glass. Some of these irregular 
forme are shown on Plate v, Fig. 3. 

The corpuscle which contains such a pair of microparasites has fiilly 
one-fourth of its area occupied by them. That this invasion is detri- 
mental to the corpuscle is easily understood. In preparations of 
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fresh Mood the corpuscle has a pecaliar appearance. Its margin is 
irregularly notched and creased, the border may be beset with pro- 
jecting spine-like processes and its color may be darker than that of 
the normal cotpascle. It has, to nse a fitting expression, a wrecked 
appearance. This change is more marked in some cases than in others. 
8ach corpnBclea have lost their characteristic flexibility. They retain 
their disc-like form, even after normal corpnscles have become shriv- 
eled and folded in preparations kept under observation for some time. 

The number of infected corpuscles circulating in the blood during 
the high fever is usually quite smalL It is difficult to make an approx- 
imate estimate without careful counting. Probably one or two in a 
single field of the 2-mm. objective, or from half to 1 per cent is near 
the truth in most oases. In some, however, a long search is neces- 
sary before one is brought into view. When the number grows larger, 
death is not far distant and may be expected within twenty-four 
hours. Toward the fatal termination, there may be from 5 to 10 per 
cent of the corpuscles with the pyriform parasites present. Fig. 2 
on Plate V is an illustration of a group of such infected corpuscles taken 
from the blood on the last day. Very rarely large numbers of parasites 
may be present and yet the animal recover. The only case of this kind 
is No. 49, in which hemoglobinuria appeared at the same time. When 
present in considerable numbers in the blood the infected corpuscles 
usually appear in groups in the field of the microscope, as Is shown in 
the figure referred to, and not uniformly distributed. 

When the fever has subsided and the number of red corpuscles has 
been greatly diminished, the parasites disappear quite rapidly from the 
blood. In fact, the reduction of temperature usually coincides with the 
more or less complete disappearance of the infected corpuscles, and 
their pla<;e is then taken by the large niunber of embryonic corpuscles 
which begin to replace the losses. An occasional infected corpuscle 
may be detected for some days or even a week after recovery has set 
in. But they are so scarce that their detection is more of an accident. 
After the subsidence of the fever, when there is a general sinking of 
the vital powers, leading to death, the parasites may linger on In the 
blood in small numbers or they may disappear as in recovering cases. 

Parasites in internal organs. — With only 1 or 2 per cent, or even 
10 per cent, of infected corpuscles in the circulating fluid, it would be 
difiQcult to account for the enormous daily losses of blood corpuscles in 
the acute fever. The difficulty is cleared up by sacrificing an animal 
in the earlier days of the fever and examining the internal organs for 
inffected corpuscles. Large numbers of parasites are found within cor- 
puscles in the capillary blood of congested areas, such as those of the 
heart muscle and of the omentum. In the latter membrane there are 
delicate fringes containing capillaries which may be placed entire on a 
slide and examined with the highest objectives. In such capillaries in 
the fresh condition, with perhaps a little iodized serum added, the pale 
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intraglobnlar parasite may be seen quite distinctly. When BQch friiigeB 
are torn aod cnisbed oa cover glassCiS and dried films prepared and 
stained, the large number of parasites is at once revealed. {Plate Vi, 
Fig. 1.) The Siraie may be said of the musoular walls of the heart. In 
these the smaller vessels are seen by the unaided eye to be engorged, 
and in sections the capillary network is found in the same condition. 
{Plate VI, Fig. 2j Plate vii, Fig. 1.) If a piece of such mnsenlar tissue 
be compressed and dried films made from the blood squeezed out, au 
unusually large number of infected corpuscles will be found.* These 
statements are best illustrated by a case: 

No, 163 was killed August 25, 1891, when her temperature was 107. 
On the morning of August 21 her temperature was still normal (101.6). 
It was not taken untU August 24, when it was 106.8. Kwe assume 
that the first high morning temperature occurred August 22, she was 
killed at the end of the third day of continued fever. Even at this time 
there had been great losses in blood corpuscles. 

Augnst 13 6, 000, 000 in a cmm. 

August 24 3, 338, 800 in ftcmm. 

August 25 2, 645, 000 in a cmm. 

Before she was killed there were 2 to 3 per cent of infected corpuscles 
in the circulating blood. In the internal organs there were found in 
cover- glass preparations made at the autopsy — 

In blood from ekeletal muscles very few infected corpusclea. 

In blood from the right heart very few infected corpuscles. 

In blood Irom mjurrow of sixth rib very few Infected eorpiiecles. 

In blood from the left heart 2 tfl 3 per cent infected corpnsclea. . 

In blood from Inng tissue 2 to 3 per cent infected corpusclea. 

In spleen pulp 5 per cent infected corpnsoles. 

In liver tissue 10 to 20 per cent infected corpuscles. 

In kidney tissue 10 to 20 per cent infected corpuBcles. 

In hypertemic fringes of omentum 50 per cent infected eorpuscln. 

In heart muscle 50 per cent and many free parasites. 

This distribution of the infected corpuscles and their localization in 
the capillaries will receive more attention later (Plate vii). Meanwhile 
we simply wish to point out that, while only a few parasites may circu- 
late in the blood, the infection may reach 50 and even more per cent in 
the internal organs. The parasites as they appear in the capillaries 
dilfeT somewhat in form from those In the circulating blood. Their 
form may be best seen in dried and stained preparations of the capil- 
lary blood of the heart muscle, (Plate iv,Fig.5.) They appear slightly 
smaller than in the circulating blood and the outline of many is spindle- 
shaped or fusiform, i. e., tapering at both ends. (Plate Tl, Fig. 1.) In 
this stage, which is probably one of active growth, they stain very 
well. The stain is deeper in that half of the body directed towards its 
mate in the same corpuscle. Distinctly pyriform bodies are also present, 

* In such preparations, the falciform bodies of snroosporidia cysts are freqnentiy 
present, especially when the preparation is from a oow over 5 years old. 

r,, , i,,C~.i,H)^;;lc 
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and these as a rule take the stain qnite uniformly. In preparations of 
freali blood from the same source no differences are observed except 
art absence of the minute nuclear ( T) body in this stage. It may be that 
we have to deal with forma younger than tbose which circulate in the 
blood (see Fig. 3, p. 70). 

Changes of form of an ajnoeboid nature have already been referred 
to. If the organs of an animal whicb has been dead for five or six 
hours be examined it will be found that all the intraglobular parasites 
have a roundish form and that distinctly fusiform or pyriform bodies 
are to be seen only occasionally in preparations from the heart muscle. 
(Plate V, Fig. 1.) The inference is that the microorganisms have as- 
sumed the spherical form under the adverse conditions presented by 
the death of the host. Similar changes are observed after a time on 
tlie warm stage. The pyriform and spindle-shaped bodies which have 
been thus far described may therefore escape the attention of those who 
study the blood and the organs after death only. The blood is rarely 
in a condition to be examined after deatb, because the corpuscles lose 
their disc -like form very speedily. In the various organs they are pre- 
served fairly well even for hours after death. 

The relative number of infected corpuscles in the internal organs de- 
mands some attention. This was estimated approximately in dried and 
stained cover-glass preparations after examining a large number of fields. 
The cover-glass films were made like those from the blood. A smooth, 
ft'esh incision was made into the organ, the cover glass gently drawn 
over the cut surface, and the film allowed to dry. This gave thin and 
uniform films. The very soft and partly disintegrated spleen pulp re- 
quired some other procedure. A little of the palp was scraped up with 
the edge of one cover glass and then quickly drawn over another, as in 
the preparation of blood films. This usually insured layers thin enough 
for microscopic examination. 

A comparison of the various cases in the appendix will show that 
there is a considerable variation in the number of infected corpuscles 
found in the body after death, according as the animal succumbed in 
the fever stage or after the number of red corpuscles had been greatly 
reduced and the fever had passed away. In the former case the infec- 
tion is very extensive, as the following illustrations show: 

2fo. Its (Texa> in/eoJwm). 

Blood &om Bkin and heart, 10 to 20 per cent oorpnecleB contain paiSBites. 
Blood from spleen, 10 to 20 per cent corpnsclea contain paiaaites. 
Blood from liver, 40 to 50 per cent oorpuBcles contain parasites. 
Blood from kidneys, 80 to 90 per cent corpnaoles contain paiaaitea. 

No. ISO {North Carolina in/ectvm). 

(Nnmlier of oorpnsclea two days before death, 3,922,000.) 
Harrow of rib, 5 per cent of corposoles contain parasites. 
Blood A«m skin and heart, 10 to 15 per cent corpuBclee contain pamsttes. 
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Blood from spleen, 10 to 20 per cent of corpnseleB contain parasite*. 

Blood from liver, 20 to 30 per cent of corpnscles oontain parasites. 

Blood from kidneya, 60 to 80 per cent of corpnHCles contaim parasitea. 

Capillar; blood from heart muscle, and omentmn, 60 per cent of oorpiiBOlos con- 
tain pataaites. 

Iq those cases in whiclt the number of corpuscles has fiiUen qoite 
lov, i. e., below 2,000,000 before death, the number of such as are infected 
moat necessarily be low because there are so few corpuscles remaining. 
Of these the m^ority may be embryonic or new forms. 

So. 18t. (Temperature on tlie last day, 103.2; aomber of corpusolea, 1,822,600.) 

Blood (Bobcutoiieons and from heart oftTities) contains ^ to 1 per oent infaoted 
oorpuBoles. 

Spleen, 2 to S per cent infected corpUBCles. 

Kidney and liver, 20 to 30 per cent infected coipuBoles. 

Heart muscle, 10 to IS per cent infected corpuscles. 

No. 9B. (Chronic case. Infection first detected Angnet 7; killed in dying condition 
Angnst 25. Blood corpnsoles 1,S58,S00.) 

Blood before death contains 5 per oent infected corpuscles. 

Spleen contains 2 pec cent infected corpuscles. 

^dney and liver contain 5 per cent infected corpnscles. The former organ also 
contoinB many fr«ed parasites. 

These illustrations may suffice here. Many more may be found in 
the appendix to demonstrate the variable number of infected corpuscles 
found at the autopsy. As to their distribution over the body, some- 
thing has already been stated. They are very abundant, as determined 
thus far, in the capillary blood of the heart muscle, but quite rare in 
that of the skeletal muscles. Of the internal organs the kidneys usu- 
ally contain the largest numbers; not infrequently from 50 to 80 per 
cent of all the corpuscles are infected. (Plate iv,Fig.4; Plate vii,Pig. 
2.) Next comes the hver, then the spleen. In spite of the fact that this 
latter organ is loaded by several times its own weight with red corpuscles, 
rarely more than one-tenth contain parasites. Infected corpuscles have 
been found in great abundance in the capillaries of the choroid plexus of 
the lateral ventricles of the brain and in the vessels of the pia and the 
brain substance. They have also been detected in the capillaries of the 
intestinal mucosa. 

Freed parasites. — In view of such enormous destruction of red cor- 
puscles the question naturally arises whether freed forms of the para- 
site are not regularly observed. In the circulating blood none have 
been seen. In the preparations from the heart muscle of various cases 
there are seen a large number of free bodies in paurs as they are found 
in the corpuscle. TTnstained, they float in pairs in the blood under the 
cover glass, sometimes as pyriform, sometimes as round bodies. (Fl. 
VI, Fig. 8.) They have a homogeneous grayish appearance. Whether 
there is at this time any organic connection between the pair by their 
tapering ends or simply by invisible remnants of the once enveloping 
corpuscle has not yet been made out. In some instances the shadowy 
outline of the corpuscle may still be seen around them. Motion has not 
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been observed. The only other organs in which free bodies are found 
are the kidneys. (Plate vi, Fig. 3, and notes on Nos. 17, 50, 66, 69, 74, 
95, 138, 134, 139.) These organs are generally filled with infected cor- 
puscles. In the fever stage we may find in dried films and in stained 
sections very few corpuscles which do not contain a pair of parasites. 
When the number of corpuscles has fallen quite low before death and 
the destruction has practically ceased there may still be found, in dried 
and stained films of the parenchyma, immense numbers of free para- 
sites. They appear as roundish coccus-like bodies grouped in pairs 
and varying slightly in size, never as pyrifonn or fusiform bodies. To 
a casual observer they might appear as coarse granulations of broken^ 
down cells and cell nuclei, but a little study and comparison of different 
cases soon dispels this view. 

THE MIOEOOKaANISU IN THB MIU) TYPE OF TEXAS FBVEB. 

We have thus far considered only those forms of the parasite found 
in the acute type of the fever. This type will now be understood to 
be one in which there is a very rapid multiplication of the micro-para- 
site in the blood vessels corresponding to an equally rapid disappear- 
ance of the red corpuscles. The forms of the micrOrparasite are pyri- 
form and fusiform bodies chiefly Intraglobular, occasionally free. The 
post-mortem forms are roundish. In sizothe pyriform bodies are quite 
large, and the question arises : are there any smaller forms to be found ! 
For these we must turn to the mild (usually autumnal] eases of the 
disease. It is an interesting fact that theite cftses are characterized by 
the presence of the smaller stages of the parasite. While the pyriform 
bodies are not entirely absent they are very rare, In the acute type 
only the latter and not the former are seen. 

In the mild type (see p. 22) we have from 5 to 50 per cent of the red 
corpuscles in the circulating blood infected for a period of from one to 
five weeks. In the acute type, on the other band, the circulating blood 
contains usually from one-half to 2 per cent of infected corpuscles ; 10 to 
15 per cent is a rare occurrence, usually just before death. In tlie fresh 
preparations of blood this small stage of the parasite is as a rule inviSr 
ible. Barely we may observe it on the very border of the corpuscle as a 
round pale spot about 0.5 /t iu diameter, which does not change its plate. 
When dried films of blood are stained in alkaline methylene blue the 
parasites appear as round coccus like bodies from 0,2 to 0.5 fi in diameter 
and situated within the corpuscle on its border. They sometimes 
appear as if situated on the border but outside of the corpuscle. 
As a rule only one is found in a corpuscle. (Plate IT, Fig. 1, 2, 3.) In 
many cases a division of the coccus-like body into two could be clearly 
made out. The separation was noticeable as a paler line and a con- 
striction at either end similar to the division of certain micrococci, 
This division usually appeared iu all bodies of a preparation from one 
10320— No. 1 5 
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case, but could not be noticed in any preparatiou of perhaps the next 
case. 

These bodies stain as well as the larger pyriform bodies in basic ani- 
line dyes and in hsematoxylin. They do not stain in acid dyes snch as 
eosin or in Ehrlich's dye for neutrophile grannies. When this stain is 
employed the corpuscles, beautiiully tinted, show a small round an- 
stained spot where the parasite is situated. When the dried films are 
treated with dilute acetic acid thecorpnseles fade out, while these coccus- 
like bodies remain behind and stand oat prominently. 

It has already been stated that these bodies are characteristic of the 
mUd, autumnal type of the disease. A glance at the appendix will 
show how numerous these oases may be. This stage of the parasite is 
there indicated provisionally as "peripheral bodies" or "peripheral 
coccus-like bodies." A more careful examination of these cases will 
reveal three groups: 

(1) Animals exposed to Texas fever late in the season (October and 
November). 

(2) Animals which have passed through au acute attack earlier in 
the summer (second attack or relapse in October and November). 

(3) AoimaJs which contract a mUd disease during or previous to the 
season of the acute disease. 

In the first group (see Nos. 47, 48, 51, 52, 63, 56, 64, 66, 66, 69, 82, 
85, 86, 89, 93, 95, 100), the disease is mild and may pass unnoticed. 
The corpuscles with peripheral bodies appear in the blood as the num- 
ber of corpuscles begins to foil, and disappear when it again begins to 
rise. Rarely a corpuscle with a pair of large pyriform bodies is detected. 

In the second group the phenomena are the same. (See Nos. 49, 64, 
104, 105, 107, 160, 206, ai9, 232, 230.) 

To the third group belong a few cases which showed a blood infection 
several weeks before the fever appeared amoug all the susceptible ani- 
mals in the infected field. (See Nos. 66, 69, 95, 129.) In No. 66 the 
infectioD was at first by peripheral coccus-like bodies. This, after a 
week's time, developed iuto an acute fatal infection, in which only the 
large forms were found after death. The same is true of No. 69. In 
No, 95 the infection by peripheral cocci was noticed as early as August 
7, From 10 to 20 per cent of infected corpnaoles circulated in the blood 
until August 19, when some large pyriform bodies made their appear- 
ance. The blood contained both small and large parasites until 
August 25, when the animal was killed in a dying condition. 

In the foregoing it has been tacitly assmoed that these iutraglobular 
coccus-like bodies are living organisms. Tliis position without further 
proof would undoubtedly be open to objection, and hence the reason 
for considering them parasites will be discussed somewhat in detail. 
In a foregoing chapter (p. 42) all those changes which the red cor- 
puscles undergo as the result of ansemic conditions have been described. 
Certain corpuscles when dried and stained presented uomerous g^ronal^S 
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which varied more or less in size, the largest rarely exceediug 0.5 ft. 
The coccus-like bodies resemble the larger granules very closely, and it 
might be argued that they we of the same origin. This is not so, how- 
ever, for the following reasoDs: The coccos-like bodies appear with or 
immediately before the destruction of red corjrascles. The granules (or 
puuctate cells) appear after the number has fallen below one half the 
uormal, and when the destruction ceases the punctate cells still persist 
or iucrease and the coccus-hke bodies disappear. The coccus-like bodies 
are with rare exceptions included in normal corpuscles ; the granules 
belong to the large new cells (macrocytes). As to the bodies them- 
selves, they are all of the same size in the same preparation of blood, 
while the granules vary considerably in this respect. Again, the gran- 
ules are present in considerable numbers in the same corpuscle, while 
the coccus-like bodies are present singly or in a state of division ; rarely 
two are fouud in the same cell. 

"When dried films are treated with one-half to one per cent acetic 
acid the coccus-like bodies come out distinctly as the cell fades. The 
granules can not be made to appear in this way. Finally the punc- 
tate cells can be produced by artificial venesection, but the coccus-like 
bodies do not appear in the*blood under this condition. The coccus- 
like bodies are thus of a character entirely different Irom that of the 
granules, although they take the same stain and appear together in the 
blood. (Plate iv, Fig. 3; Plate ix, Fig. 5.) Many of the same reasons 
will also apply in refuting the possible objection that they may be the 
result of disturbances of the blood other than those of a loss of cor- 
puscles. Heinz • found certain bodies stainable in methyl violet ap- 
pear in the red corpuscles of rabbits twenty-four hours after the sub- 
cutaneous injection of phenyl- hydrazin and its derivatives. These bod- 
ies are described as " strongly refracting spheres which are attached, 
button-like, to the red corpuscle. Often they are connected with'it by a 
pedicle, or they may be entirely free in the plasma surrounded by a shred 
of protoplasm." In Texas fever the corpuscles containing the coccus- 
like bodies are always of normal form and appearance. It would be 
difficult to find reasons for believing them to be the result of some 
chemical action on the blood corpuscles. The ticks, which might be 
regarded as secreting a poison iu their parasitic life, are very scarce on 
the animals during the autumn and early winter, when the mQd type 
of disease prevails. When they are most abundant, during the period 
ofthe acute disease, the coccos-like bodies give way to the pyriform 
bodies. 

If we admit their parasitic nature as highly probable we have still 
the question before ns whether they are stages of the Texas fever par- 
asite or of another parasite transmitted with it. This question can 
not be positively answered until, by methods akin to those of bacteri- 
ology, we shall be enabled to isolate the Texas fever organism and ob- 
* Arch. f. path. Anatomiei cxxii> S. 113 
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serve the transformation of one Htiige into the other, either in cnltures 
or in the blood of inoculated anim»lR. In the absence of such rigoi-ous 
proof the presumption is nevertheless strongly in favur of the unity 
of this and the larger forms already described. We observe in the 
first place the appearance of both types of the disease in all outbreaks 
stadied at the experiment station since 1889, though at difterent periods 
of the same season, the coccus-like bodies being associated chiefly 
with cool weather. Au outbreak produced after the middle of Septem- 
ber in 1889 developed cases containing the coccus like bodies only 
(Nos. 47, 48, 51, 52, 53, 6t, 65). In one of these cases (No. 48), killed in 
a dying condition, the spleen and liver were affected as in HCut« cases, 
but heemoglobinuria was abseut There are a few (Nos. 66, 69, 95), 
already referred to, in which there is a transformation of the mild into 
the acute type with a corresponding change in the form of the parasite. 
Perhaps the strongest proof that the coccns-like bodies and the 
pyriform, amueboid bodies are stages of the same parasite was fur- 
nished recently in an unexpected maoiier. Two cows (Nos. 306 and 
219) inoculated with blood fh>m healthy North Carolina cattle early 
in July, 1892, developed the aeute type of Texas fever with the appear- 
ance of pyriform parasites within the red corpuscles. Both recovered, 
and the number of corpuscles was rising toward the normal, when, at 
the end of August, a relapse was detected in both animals. The num- 
ber of corpuscles was rapidly &lling again and many were Infected 
with the coccus-like bodies. Eeinfectiou from without can hardly be 
considered in these cases, as there were no ticks iu the field and two 
control animals had normal blood throughout the season." 

THE FBOBAJBLE LIFE HISTORY OP THE MIOBOOBGANIBU IN THE BODY 
OF CATTLE. 

We have thus far presented in a somewhat fragmentary manner the 
observations bearing upon this microorganism. It now remains to 
put them together in a way which will illustrate its probable develop- 
ment. 

In the early stages of the high fever in a few acute oases, before the 
destruction of red corpuscles had gone far, very minute bodies were 
seen in fresh blood. Their form, so far as determinable (apochrom 2 mm., 
ocular 8) appeared as an elongated figure of eight or two short rods 
attached end to end. They had a very active Brownian motion iu 
addition to a movement which carried them from one place to another 
in the field. This latter movement may have been due to currents iu 
the liquid. They could not be detected in preparations stained with 
methylene blue. That this is the fi'ee form which precedes the para- 
sitic stage must remain at present a mere conjecture. 

The {hypothetical) swarming or motile stage {intraglobular}. — We have 

* Since writing thia two uther cases (Noa. 222 lutd 230} inoculated iu ttie same 
mAnnec bare pBBae4 tbiongh & lelapse. 
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already (ou p. 56) referred to cei'tiiin very mmutc, wcUdefiued, briglit, 
frequently motile, bodies seen within tlie red eorpnacles of healthy 
cattle at Tarious seasons of the year. As might have been expected, 
these bodies were fonnd in Texas-fever blood as well. It has also been 
stated that they vary more or less both in size and form. The question 
has frequently presented itself, whether some of these bright motile 
bodies were the progenitors of the coccus-like and the pyriform bodies 
of the Texas-fever parasite. Inasmuch as they are present both in 
health and in disease, only a most trying examinatiou of the blood in 
many cases could decide whether certain forms only appeared in dis- 
ease otnot. These bodies are so minate and so inaccessible that it is 
by no means certain whether such a prolonged study wonld bear &uit. 
lu the course of these investigations snch a study was impossible, and 
we have simply to present the facts that these bodies are present in 
health and disease and that they vary in size and form. lu one case 
it was difficult not to accept the hypothesis that some of the bodies 
are a stage of the micro-parasite. In No. 56, affected with the mild 
autumnal disease, these bodies grew in number with the peripheral 
coccus-like bodies and disappeared at about the same time. This 
view is presented simply to serve as a working hypothesis for such aa 
are inclined to follow this phase of the subject more minutely. There 
is nothing in this hypothesis not in harmony with the positive obser- 
vations concerning the Texas-fever microbe. Such a motile, swarming 
stage is one which can readily be conceived of as finding its way into 
the red corpuscle constantly in motion in the vessels of the body. 
Why it is not seen in every case may bo explained by the same hy- 
pothesis which accounts for the presence of the peripheral coccus-like 
stage in the milder type of Texas fever. This hypothesis assumes a 
retardation in the intraglobular development of the micro-parasite 
by which the smaller stages remain long enough in the blood to be 
detected. If the retardation is still more pronounced, it is easy to 
conceive of the motile or swarming stage as circulating in the blood 
long euougb to be detected. 

The stage of the peripheral coems-Uke bodies. — After the (hypothetical) 
swarm-spore has penetrated into the corpuscle it comes to rest, loses 
its bright, refirangent appearance, and attaches itself near the periphery 
of the corjjuscle as a pale body wliich is only detected with difliculty 
in the unstained corpuscle. This body next undergoes division which 
is probably incomplete, for in the more advanced stages the two result- 
ing bodies are as a rule still attached to each other. These remain close 
together while the infected corpuscle is circulating in the blood. This 
stage of the coccus-like body, like the preceding hypothetical stage, 
mast be regarded as recognizable because of a retsirded development of 
the micro-parasite. It is probable that this retardation of development 
in susceptible animals is due to meteorological conditions, such as low 
temi>erature of the air, and to partial immnnity. In acute attacks the 
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enoniioim luiiltiplicatiou of tbe parasite in the blood »liow8 how rapid 
in such cases its development and how ephemeral these intermediate 
stages must be. The period of retu^ation may vary in length, biit it 
seems probable that this stage may remain in the circulation at least 
several days. 

T/ie stage of the larger forms (pyriform and spindle-shaped bodiesj. — 
The two coccus-like bodies resulting from division begin to grow and 
assume fusiform outlines. It is probable that they remain attachetl to 
each other at least for some time, for in stained preparations a very 
delicate stained line may Occasionally be traced passing f^om one to 
the other. In this stage they stain very well in bfematoxylin and basic 
aniliDe dyes. As they continue to enlarge, the two members of the 
pair remaining always of the same size, a more elongated, pear-shaped 
outline Is assumed, and in the unstained condition a minute dark par- 
ticle is observed in the broad end of each body. Under conditions not 
definable a larger or smaller number of the red corpuscles contain but 
one body. These unpaired forms are found most abundantly in the 
circulating blood, where they may manifest amceboid changes. 

The larger forms circnlating iu the blood do not stain so well as tbe 
somewhat smaller bodies found in the capillaries after death. This 
may be due to degenerative processes or to a transformation into some 
unknown reproductive state. The annexed figures illustrate, dia- 
grammatically, the intraglobular stages of the Texas-fever parasite, 
t. e., those forms which have only been found in the blood during Texas 
fever, and very rarely in southern cattle. 




h'la. 3.— iDtrHglobiilar forms of the Ttiiati-feyer parasite. Tbe shadiag bIiowb (be TelatiTe staining 
capucity with metbylene l>lne. 1, Thepenpberal coccnH-like body (O.S iiloDg) in proceea of divialon 
{from tLe mitd type). 3. T.nrger npindle Bli»ped forms trmo tbe oapillary bleed of tlie heaitmiucle. 
The free ends are bat feebly stained, 3. Larger pyrlform bodies from tbe same aenrce staining en- 
tirely. 4. Fyiiferm bailies (£iilaug, l.Guffide M tbe widest portion) Blalnlng bnt feebly ; from the 
circulating Mood, (Thelut three forms ttom tbe ncnte type.) 

Free bodies. — These are set free after they have reached the preceding 
stage by the disintegration of the infected corpuscles. They may be 
found in capillaryblood of the heart muscle in abundance. Their most 
common location is in the kidneys, however. 

No forms which might be interpreted as reproductive stages have 
been recognized at any time in the many cases which have been studied. 
That the organism multiplies very rapidly in the blood of susceptible 
cattle is demonstrated by the fact that the injection of a small quantity 
of infected blood gives rise to the disease. How does this multiplica- 
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tioa take placeT Tbere are two possibilities in view. Bifoertlie large 
pyriform body, while within the corpuscle or after it is set &ee, may enter 
the reproductive stage and produce a generation of very minute bodies 
akin to the motUe, bright intraglobnlar bodies seen in fresh' blood, or 
there may be a &ee reproductive phase, distinct from th« intraglobolar 
forms, t^ng place in the blood. 

THE NATUBE OF THE TEXAS-PGTEK MICBOOB6ANI8U AIH) ITS BB- 
LATION TO THE PARASITES OF THE BED OOBPVSOLES OF OTHER 
ANIMALS AND OF DUN. 

It has been known since 1881 that the various types of malarial fever 
in man were accompanied by minnte organisms living within the red 
corpuscles. This discovery by Laveran has been followed by confirma- 
tions in various parts of the world, and It is generally accepted that 
these iatraglobular organisms are the cause of malaria. Stimulated by 
this important discovery, "various observers have studied the blood of 
many animals (li^g, turtle, and various birds) and have found therein 
certain minute paradtes which likewise pass their life chiefly within red 
corpuscles. Much has been written upon the interrelation of these forms 
and their bearing on malaria in man. Nothing positive, however, has 
come of it, although there is a close resemblance between some of the 
parasites found in birds and those found in man. They all have in 
common the peculiar habit of living in the red corpuscles. Those of 
cold-blooded animals (frog and turtle) do not contain any pigment gran- 
ules. On the other hand, those of birds and man do, as a rule, contain 
granules of dark pigment which is derived Irom that portion of the 
red corpuscle destroyed by them. These pigment granulesarebysome 
regarded as the more abundant the more retarded the growth of the 
parasite, and consequently the slower the destruction of the containing 
corpuscle. The parasites found in the blood of birds and man first 
appear as minute, slowly enlarging amoeboid bodies in the red corpus- 
cles. Soon pigment granules appear. When of a certain size these 
bodies break up within thecorpuscleeintoavariableuumberof spores. 
These are set free and begin hfe as a new generation by entering other 
red corpuscles and UDdergoingtbesamedevelopment. These ceU para- 
sites are not associated with a visibly diseased state of the animals in 
which they toe found. In man it is well known that certain kinds of 
fevers known as malarial are produced by them. 

The Texas-fever parasite differs in many important respects from all 
those thus far described. Its morphology is quite unique. Itcontains 
no pigment. It probably runs through its whole development in a short 
time, otherwise it would be difficult to account for the rapid destruction 
of red corpuscles. iN'evertheless, no distinctly reproductive phase has 
been seen during four years of observation of a great variety of cases. 

It is hardly within the scope of this report to go into any details eon- 
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cerniiig the parasites of the red corpascles of other animals and of mail. 
The literatnre of this sabject has now grown qaite voluminous, although 
the progreasmade is not very great, owing to the limitations of methods. 
None of tliese cell paraaites have thus far been cnltivated according to 
bacteriological methods, and it is not likely that they ever will be. In- 
oculations of blood containing them seem to succeed only when they are 
made on tbe same varieties of the same speciea of animals, accordingto 
€elli and Sanfelice,* and even then success is limited to a small num- 
ber of the cases inoculated. Observations are thus of necessity statis- 
tical and comparative rather than experimental, and must extend over 
a large number of cases before tbe significance of the various facts 
observed can be even formulated. Even then it is difficult to impart 
to others the conviction which comes from prolonged observation, while 
the desultory observations of many individuals lead to wide differences 
of opinion, 

ClasBiflcation of the parasites of red corpuscles has been attempted 
by Kruse and others and tbe various forms indicated nnderthe Ibllow- 
ing scheme:! 
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It seems improbable that the Texas-fever parasite will ever be 
ranged under any of these genera, and therefore a new genus has been 
created for it (Pyroaoma). The specific name {bigeminum) is derived 
from the peculiar character which this organism has of appearing in 
pairs within the red corpuscles. This name does not commit it to any 
special group of protozoan parasites, although it is not improbable 
that it may belong to tbe sporozoa to which most cell parasites belong. 
The peculiar pair of pyriform bodies within the red corpuscles might 
be homologized with the falciform bodies or crescents of the sporozoa, 
which in this case are without a cyst of their own and make use of 
the cell wall for this purpose, 
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The great rapidity witli which this parasite mnltiplies iu the system 
of susceptible cattle may perhaps be explained along lines suggested 
by R. Pfeiffer* in his observations on Coceidtum oviforme and C. per- 
foratia in the rabbit. These two species of sjiorozoa (the former inhab- 
iting the bile dacts of the adult rabbit, the latter the intestinal epithe- 
lium of the young rabbits), Ffeiffer maintains, are one and the same 
which runs through a rapid entogenic development, with the formation 
of an immense number of individuals in the intesttnes of yooug rabbits, 
and thereby causes a severe (mostly fatal) disease, while iu the adult it 
remains largely restricted to the liver, where it runs through a slow 
partial development, and the spore produced requires conditions only 
found externally for its farther development. Applying these observa- 
tions to the Texas-fever organism, we may assume some dual develop- 
ment of the parasite, one taking place in susceptible, the other in in- 
susceptible animals. Or the conditions may be much simpler in the 
latter, and depend largely on a simple repression of the multiplication 
of the parasite in the red corpuscles, owing to some npknown modifica- 
tion of these bodies. 

PBOBABLB ACTION OP THE IdlCBOOBGlANISH IN THE BODY OF SUS- 
CEPTIBLE ANIHALS. 

This topic has been touched upon in the foregoing chapters, but only 
in a desultory manner, and the known &cts are brought together here 
in a more compact form. The demonstration of the microorganism in 
the organs does not present any special difficnlties. The organs were 
examined fresh or after being in the ice-chest for twenty-four hours, both 
in teased preparations and in sections. The teased preparations as well 
as the sections were examined in iodized serum to avoid any iiyury to 
the blood corpuscles. For the same reason the sections were prepared 
with the razor and not on the feezing microtome. In such thia sections 
or in teased preparations some of the capillaries frequently remained 
intact and the microorganisms could be made out as pale, roundish 
dots within the red corpuscles. Plate vii. Fig. 3, is drawn ih)m an 
unstained teased preparation of the fresh spleen. Tissues were hatd- 
ened both in strong alcohol and in MilUer's fluid and alcohol, according 
to the usual procedure. The staining presented some difficulties, and 
in general the aniline dyes did not give satisfoctory results. Hsema- 
toxylin in the form of Ehriich's acid hematoxylin has proved very satis- 
factory in bringing out the intraglobular parasites. In tissue hardened 
in Mtlller's duid the outer layers showed a peculiar modification of the 
parasites. Instead of appearing as blue bodies, they assumed a brown- 
ish-red color. Tills was especially noticeable in tissues which are very 
delicate, such as the choroid plexus. In these all the parasites appeared 
brownish red instead of blue. This may be due to the action of the 
* Beitriige lor i^toHieii-For*cliiuig. I. Heft. 
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MUllei'H fluid. Tissue bardened in alcohol, wbile it demoustratos the 
intraglobnlar bodies very distinctly, does not preserve the corpascles 
so well. 

The destrnction of red corpascles by tlie micro -parasite within them 
is the main fact in the pathology of Texas fever. There are, however, 
some secondary phenomena associated with this destmction whicb 
acconnt in part, at least, tor the peculiar lesions of this disease. The 
infected corpascle remains in the circulation as long as the contained 
parasite is below a ceitaiu size. Thus, in the mild aatamnal form of 
the disease, the number of circnlating corpuscles invaded by the coccns- 
like bodiei is rarely below 5 per cent, commonly from 10 to 30 per cent, 
and at times near 50 per cent. The corpuscles are not changed in form 
or size, and in fact the parasites are very small when compared with 
the size of the corpascle and only brought out distinctly by staining. 
When the parasite has reached a certain size we may assume that the 
cx)rpusc1es lose their flexibility and adaptability to the minute channels 
or capillaries and become lodged in them, forming emboli, so to speak. 
The capillary becomes obstructed and red corpuscles are wedged in 
behind the infected ones. It is highly probable that at this time a 
favorable opportunity is offered to the free, earliest stage of the micro- 
organism to attack the remaining corpascles, otherwise it would be 
difficult to understand why capillaries are frequently found which con- 
tain, to all appearances, only infected corpuscles. It may be that other 
factors come into play, such as the changed specific gravity of the 
infected corpuscles, by which their relation to the blood plasma becomes 
changed and in virtue of which they act as foreign bodies in the vessels. 
Whatever may be the reason, the fiict remains that the paucity of 
infected corpuscles in the blood taken from the large vessels and the 
heart is counterbalanced by a very extensive infection of the corpascles 
found in the capillaries. The smaller the capillary, the higher the per- 
centage of infected corpuscles. In the white substance of the brain, 
in Ko. 198, for instance, the capillaries in a section were found com- 
pletely filled with red corpuscles and every corpuscle was infected- 
Similarly, capillaries have been observed both in sections of hardened 
tissue and in teased preparations of fresh tissue from the spleen, 
kidneys, intestiual mucosa, omentum, plexuses of the brain, heart mus- 
cle, and red marrow of the ribs, which were either completely or partly 
filled with infected corpuscles alone. 

This capillary plugging or embolism may account, to some extent at 
least, for the enormous distention of tlie spleen and for the degenera- 
tive changes of the parenchyma of the liver. The perinephritic san- 
guinolent cedema so frequently observed on post-mortem exauunation 
is probably due to the complete filling up of the vascular system of 
the kidneys with infected and uninfected corpuscles. Similarly the 
ecchymoses in the calyces of the pelvis may be accounted for by this 
condition. 
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Another phenomenon of interest is tbe retoarkable itijection of all 
pathological growths of a vascular character, such a«,old fibrous ad- 
hesions and pleuritic fringes. 8imil:vrly vascular fringes found oq the 
omentum covering the paunch, and on the origin of the large vessels 
at the base of tbe heart appear as dark-red spots. Here microscopic 
examination shows the same abundant infection. The intense ii^ec- 
tion of the vascular plexuses of the brain cavities is associated with 
extensive infection within the capillary network. This injection of 
the entire capillary system of the body may be largely aided by the 
presumable rise of blood pressure which mnst take plaee after the 
enlargement of the liver and the engorgement of the spleen and kid- 
neys practically shut these organs out of the general circulation. 

While tbe skeletal muscles show but slight infection, the heart mus- 
cle is severely involved. Probably owing to the smaller caliber of its 
capillaries and the constant contraction of the muscular walls, a favora- 
ble opportunity for the lodgment of infected corpuscles is afibrded. 
In the capillaries of the heart muscle the infection of corpuscles is 
always very great and freed forms of the parasite are abundant. The 
capillary plugging will account for the almost constant ecchymoses of 
the external and internal surfaces of the ventricular walls. 

The breaking up of the infected corpuscles probably takes place in 
the capillaries over the entire body, for, as stated above, fireed parasites 
are found in the capillaries of the myocardium after a certain period of 
fever. This leads to the presence of free hemoglobin in the blood 
(hsemoglobinfemia). This condition was strikingly demonstrated in 
the ease of a foetus about three months old taken from a cow which 
had succumbed in tbe acute stage. The amniotic fluid had a beautiful 
wine-red color. It is probable that many infected corpuscles which 
break away from the capillary plugs are carried into the kidneys, where 
the final dissolution takes place. Otherwise it would be difficult to 
account for the usually enormous numbers of free as well as intrag lobu- 
lar parasites which are found in the kidneys toward the end of the 
fever. 

The hiemoglobinuria observed in nearly all acute cases may be due 
in part te a transudation of the hemoglobin dissolved in the blood, in 
part to the destruction of red corpuscles in the kidney itself. The same 
may perhaps be true of the material transformed into bile by the liver. 
This organ is as a rule heavily infected, though not to the extent 
observed in the kidneys. The bile contains to all appearances a very 
large quantity of bile pigment. This may be derived in part from the 
dissolved haemoglobin in tlie general circolatiou and in part from the 
corpuscles undergoing deatruction in the capillaries of the liver itself. 

The cause of the high temperature in the later stages of the fever, 
when the pathological changes are well nnder way and when tbe blood 
js loaded with the debris of corpuscles and free parasites, may not be 
open to discussion. In the earliest stages, however, the explanation of 
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waste products iu the blood does not seem to follow in every case, lii 
a few the fever was high, although there was no apparent redaction of 
red corpuscles. (See :Nos. 166, 180, 198, 206, 219.) It most be 8tat«d 
that in view of the fluctuationa to which the number of corpuscles is 
subject the counts in these cases may be somewhat misleading. Tet 
on the whole the Initial fever seems to be caused by something other 
than the destruction of the red corpuscles, and we may invoke two pos- 
sible causes, leaving their determination to more accurate continued 
observations on single cases. These are the multiplication of the par- 
asite in the blood, perhaps independentof the corpuscles and the throm- 
bosis of capillaries in the nerve centers. 

The question of a cyclical destruction of red corpuscles corresponding 
to the different generations of parasites is an interesting oue, bnt the 
observations put on record in the appendix do not give us any definite 
information. In acute cases after the first few days the fever is contin- 
Qons or nearly so and does not indicate any intermission or remission 
of the acting cause. Whether the individual generations follow one an- 
other so rapidly or whetherthere are a number of generations iutenniu* 
gledhas not been determined. To the eye there is more or less uni- 
formity in the size of the parasites observed in any given case through- 
out the body. They may be all minute in the stage of the coccus-like 
bodies or they may all be unusually large (So. 66) or they may all be 
in a stage intermediate between these extremes. It should be stated, 
however, that in a few cases the fluctuation in the destruction of the 
red corpuscles was regular enough to suggest a period of from one and 
a half to two weeks in such cases. (Page 40.) 

What becomes of the micro-parasites in those cases which recovert 
We have already signalized the setting free of the parasites and their 
accumulation in large numbers in the kidneys. Further than this the 
observations do not go. The parasites are perhaps destroyed by a 
combination of circumstances, one of which is the small number of red 
corpuscles finally left for infection. Thus in blood containing only one 
and a half to two million red corpucles fully one-half are enlarged, 
embryonic forms which may not be so well fitted for the growth of the 
parasite. Another circumstance may be the nnfit condition of the 
blood due to the presence of the very debris which the parasites have 
aided in producing. 



The parasite of Texas fever, or more particularly the coccus-like and 
the larger pyriform stage of this microorganism, have been demon- 
strated in the following outbreaks: 

(1) In the spleen of a case from an outbreak in Virginia, September, 1886. 

(2. In the organs of cases iVom aii outbreak in Maryland, September. 1888. 

(3) In tbe blood and tbe organs of caaea from an outbreak ou tbe esporinient sta- 
tion (Nortb Carolina infection), August to October, 1889. 
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(4) lu the blood and the orguus of cobbb fi'om on outbreak od the experiment sta- 
tion (Nortb Caruliua infection), September to November, 1889. 

(5) In the blood and the organs of caies from an outbreak on tbe experiment Bto- 
tion (North Carolina infection), A«S«8t to November, 1890. 

(6) In the blood and the organs of coses from an outbreak on tlie experiment sta- 
tion (Texas infection), August to October, 1890. 

(7) In the spleen of a case which died in North Carolina, June 29, 1891. 

(8) In tbe blood and tbe organs of cases from an outbreak on tbe expefiuient 
station (North Carolina infection), August to November, 1891. 

(9) In the blood of a case from an outbreak in Pennsylvania, November, 1891. 
(Specimens of organs and urine sent by George Jobson, Jr., v. s.) 

(10) In the organs of a case at Fort Smith, Ark., Marcbj 1892. (Preparations sent 
by K. E. Dinwiddie, v. e.) 

(11) In the organs of a case produced by the intravenous inooulationof blood from 
North Carolina cattle, July, 1892. 

(12) Id the organs of ooaes firom an outbreak produced at the eiperimeut station 
in tbe usual way by North Carolina cattle, August and September, 1892. 

<13) In tbe organs of cases from an outbreak in New Jersey, August, 1892. 

(14) In tbe spleen and blood of cases from an ontbreak at Camden, N. J., August 
1S92. (Specimens sent by Drs. Hiller and Sellers.) 

In No8. 7 and 13 there were the usual lesions (hEemoglobiourla, etc.,) 
observed by Dr. F. L. Kilbome at the autopsies. In No. 9 there were 
the usual fatty degeneration and bile injection of the liver and biemo- 
globinnria. The diagnosis of Texas fever was thus assured in all the 
outbreaks mentioned. 



The demonstration that Texas fever is caused by a certain micro- 
organism is not absolutely made by showing that it is always associ- 
ated with this disease and not observed in health. It may be argued 
that such bodies are the concomitant rather than the cause of the fever. 
Nevertheless it may be said that no microorganism constantly associ- 
ated with a given infectious disease has yet been found which is not 
demonstrably or presumptively the cause of the disease. Hence tbe 
probability that the micro-parasite described is the cause of Texas 
fever is very high, although the demonstration can not be made until 
such organism can be cultivated in some manner outside of the animal 
body and inoculations made with pure cultures. There is nothing to- 
day to encourage us in the hope that parasites so highly adapted as 
the one under consideration will ever submit to the crude culture 
methods successful with many bacteria. 

The high probability that we have the cause of Texas fever before 
us is Increased by the fact that when blood fi'om cases of this disease 
is Injected into the circulation of healthy susceptible cattle, the disease 
is produced and the mioro-parasite appears in the blood under tbe 
same conditions under which it becomes manifest in the natural disease. 
There is still the possibility before ns that the microparasite is trans- 
mitted in the diseased blood and that some onkuown agent has been 
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transmitted witli it wliicU is the true eauee of the infection. It is use- 
less t« discasB this further, and each reader must form M$ own opiuiou 
of the value of the experimental evidence adduced in this report. 

Before quoting our experiments in the production of the disease, a 
lew observations on the attempt of others to produce it are in order. 

Br. D, E. Salmon in 1880 (4, p. 303), made a number of inoculations 
with tissues and fluids taken Jrom cases of Texas fever, some of which 
were eue4;essful : 

(1) November?, 1879. Calf 6 to 8 mouths olil inocojated aubcataDeouily with bile 
und blood k«pt ten da^s in a sealed pipette. No reault. 

(2) September 14, 1881. Yearling iuocDlatedBabcutoneouBlywitli 5 cm^ blood from 
a case dead three or four bourt. No result. 

(3) September 29. Yearling bull iDUciilat«dsubcataneousl; with 5 cm' blood con- 
taiuing some apleen pulp, whicb bad been kept tnentj-tno hours in sealed pipette. 

(4) Red cow inoculated aa No. 3; also drenched with a miztore of blood, urine, 
and bile. 

(0) Heifet received a subcutaneous injection of 5cm' of bilo. 

(6) Bull 3 years old drenched with one ounce of nrinft. 

(7) Steer 2 years old drenched with one ounce of bile. 

(8) Cow received 6 cm' of urine under the shin. 

Of the cases from Noa, 3 to 6, inclusive, Jfo. 3 and No. 4 reacted with a 
high temperature and No. 4 became very weak and emaciated. In 
1883 {5, p. 34) three additional experiments are reported. A steer and a 
heifer, 2^ years old, received August 7 subcutaneous injections of spleen 
pulp suspended in water. The spleen pulp had been kept in a sealed 
tube for seven days. Neither animal became affected. A third animal, 
a cow which had been inoculated subcutaueously with fresh spleniv 
pulp, October 3, was taken sick in ten days and died three days there- 
after. There were evidences of h^emoglobinuria. Two young animals 
drenched with the same splenic pulp did not become serionsly affected. 

A number of additional inoculations were made with cultures of a 
micrococcus cultivated from the spleen of a case of Texas fever with 
negative results in all cases. 

Dr. Billings gives the notes of a case inoculated with cultures of what 
he regards as the Texas fever baeterium (8, p. 100). We have ah'eady 
commented on this case on p. 52. In this connection it is sufficient to 
say that the proof of Texas fever has not been brought in this case 
although it should have been above reproach since it is supposed to 
establish the etiology of Texas fever. The observations in this report 
show that there is no Texas fever without a marked reduction in the 
number of red corpuscles. This is the essential sign of Texas fever. 
Secondary to this are lesions of liver, spleen, and kidneys, and hiemo- 
globiuuria and the presence of embryonic corpuscles in the blood. 
There is nothing in the autopsy notes as published by Billings to de- 
monstrate the presence of Texas fever in the absence of red water. It 
is also curious that in his experiment the young animal of 5 months 
should take the disease more severely than the " large red cow," since 
calves are proverbially resistant. 

rg.l.c.byCoOgIC 
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In the report of Paul Paquin (9, p. 46) we find the following state- 
ments: 

ToxftB fever ig tranaraiBsible not only from Southern stock to Busoeptlble Northern 
cattle, bnt uniler favorable circumstanceH is inomilabln betveea Northern nalivea, 
although in the ordinary conlne of things in otir ctiinate trHnsiniSBion does not ooenr. 
We have inoculated native MIhsoiitI dttle witli spleeu and liver pulp from other 
dUeaaed natieet and produced typical caaea of Texas fever, but it took large doses of 
TiruH. The rapidity of the course of the malady depends muoh on the origin and 
age of the virus. It was more rapid from old pulp kept in warmth aud properly 
preserved than it was from virus of f^euh matter, and it seems impossible to cause 
severe Texa» fever with freih urine, whilst the same exposed to wannth awhile be- 
comes dangerous. 

There are no experimeuta reported to convince the reader of the truth 
of these statements, though the direct transmiBSion of disease from 
Southern cattle and sick natives to susceptible cattle by inoculation 
has been confirmed by us. Why old spleen pulp and old urine should 
be niore daugerous, excepting as producers of septic conditions, is by 
no means clear. We should believe the contrary. We have no infor- 
mation at all as to how the inoculation was made or any to show that 
the inoculated animals did contract Texas fever excepting the bare 
statement that the inoculations were successful. 

R. B. Dinwiddle (10) madesubcutaneousinoculationsupon four differ- 
ent animals with fluids and tissues from cases of Texas fever. We are 
glad to see the experiments reported eo that they may be estimated at 
their true value. The inoculations were made with flreah urine, spleen 
pulp kept over night, with bile kept in a sealed pipette, and with acid- 
ture of a micrococcus &om the liver of a case of Texas fever. These in- 
oculations proved negative. A fifth animal which received spleen pulp 
kept over night as a drench remained well. We have no reason to doubt 
the accuracy of these results. The negative outcome may have been 
due to the fact that only young animals were used and that the sea- 
son was perhaps too advanced for experimental cases to succeed. 

In all of these experiments the uncertainty of the conclusions readied 
as regards the negative results must be evident to all who have read 
the foregoing part of this report. Many of the cases, which to all ap- 
pearances were not affected, may have passed through a mild attack, 
recognizable only by the microscopic examination of the blood corpus- 
cles and a determination of their number. 

Our own experiments were made mainly with fresh material, and this 
was injected under the skin and into the blood directly. Nine inocula- 
tions were made in all.* We shall in this place only reter to the impor- 
tant points in each ease, and leave the reader to consult the appendix 
for fuller details. 

(1) On September 1, 1890, No. Ill, a heifer about 21 months old, re- 
ceived into one of the jugular veins 13 cc. of whipped blood. This was 



' Five additional cases of Texas fever were produced with the blood of healthy 
TJorth Carglipft oftttlo (page 119). 
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obtained from Xo. 128, which had just died, and in whose blood there 
waa a iaige number of infected corpuscles. The de&briaated blood 
was kept in a warm chamber at 35° 0, for three hours before the injec- 
tion. An examination of the table in the appendix ahowa a decided 
fall in the number of red corpuscles on the thirteenth day, and several 
daya thereafter a considerable number of new red corpuscles (macro- 
cytes) were found in the blood. There can be no doubt that this was 
a mild case of Texas fever. The subsequent gradual weakening of this 
animal and death 3 months after the inoculation could not be accounted 
for. 

(2) On September 16, 1890, a aimilar injection with de&brinated blood 
was made on No. 142. The blood was taken from the heart of No. 90 
about one-half hour after death, and, after de&briuating, it was kept 
at 35°-40° C. for one and one-half hours before it was injected. In 
the table we observe a marked fall in the number of red corpuscles 
at three different times from two to three weeks apart^. Theanimal fully 
recovered subsequently. Neither of theae casea would probably be 
considered conclusive evidence that the disease can be reproduced in 
this way. The seven following cases will diapel any doubt on this x>oint, 

(3) On September 19, 1891, a portion of the heart muscle of No. 181, 
just dead, was pounded in a mortar with sterile normal salt solution. 
The resulting reddish fluid waa filtered and injected into the jugular 
vein of No. 182, after standing in a warm chamber for about one hour. 
The table In the appendix with this case leaves no doubt as to 
the nature of the disease. The temperature (see appendix) rose on 
the sixth day in the evening and a high evening temperature was 
observed for ten days thereafter. A high morning temperature was 
firat noted on the eighth day and the fever remained continuously 
high for at least four daya thereafter, The number of blood corpuscles 
had fallen from 6,000,000 to 2,000,000 eleyen days after the inoculation. 
The Texas-fever parasites were found in the blood. The animal fully 
recovered subsequently, 

(4) Oil the same day blood was withdrawn from the jugular vein of 
No. 181, then still alive, and injected at once into the jugular of No, 
185, The whole operation lasted one or two minutes. Of this blood, 
which contained at the time perhaps one-half to one per cent infected 
corpuscles, two syringefula, or 28 cc, were injected. The disease pro- 
duced in this animal was severe enough to leave no doubt as to itar 
nature. The evening temperature was high on the third day and was 
low again on the ninth day. The continuous high temperature lasted 
four days. The number of blood corpuscles had fallen from 5,000,000 
to 2,000,000 on the tenth day. The Texas-fever parasites were found in 
the blood. The animal fully recovered subsequently. 

(5) No. 186 was treated precisely as No. 185 at the same time, A 
*fiee appendix for record of control animal No. 113 in the same incloeure. 
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very severe uase of Texas feyer was the result. The temperataT'e and 
the I088 of red blood corposcles were the same as in No. 185 (see page 
17 for curve). On the ninth day she could scarcely stand and was 
trembling and quivering over the whole body. A syringeful of blood 
was withdrawn at the time from a jugular vein for other inoculations, 
and the operation was followed at once by convulaions and death. 
The very advanced lesions of the liver and spleen, the dark red, port- 
wine-colored urine, and the immense number of infected corpuscles in 
the various organs, made this case one of the most severe of the 
season. 

In 1892 four cows were iuocaiated with blood obtained firom a ea»e 
of the disease. All became affected within a week and three died. 
The more important f^cts in connection with these inoculations are 
reproduced here. 

Ou Angnst 27 blood was withdrawn from the left jugular vein of 
Ko. 222, then suffering with the disease. In the blood a small number 
of large intraglobolar parasites were found. The skin over the- jugu- 
lar was shaved and washed with .1 per cent mercuric chloride and the 
vein opened with a scalpel. The blood was caught in sterilized bot- 
tles, containing glass beads^ and deflbrinated by shaking vigorously 
for ten minutes. The bottles were kept in a water bath at 40°-42° C 
The injections were performed not longer than fifteen to twenty min- 
minutes after the withdrawal of the blood from No. 222. 

(6) No. 197, a cow 6 years old, received into the left jugular 14 cc. 
(cue syringeful) of this blood. 

(7) No. 227, a cow 11 years old, received under the skin of the neck 
^ cc. of the same blood in four different places, i. e., 3 cc. in all. 

(8) No, 228, a cow 7 years old, received subcutaneously J cc. in two 
places, i. e., 1 cc. in all. 

No. 197 died quite unexpectedly September 4, eight days after the 
inoculation. The temperature had been high since August 31. The 
autopsy lelt no doubt as to the natnre of the disease. 

No. 227 died September 9, thirteen days after the inoculation. The 
temperature bad risen and other symptoms of disease had appeared 
September 2. On the day of death the red corpuscles had fallen to 
1.S million. The autopsy revealed the usual lesions of Texas fever in 
& very marked degree. The urine was visibly free from hemoglobin. 
The small number of red corpuscles just before death indicated that 
the period of heemoglobinuria was past. 

No. 228, which had received the smallest dose, reacted as promptly 
as the foregoing with a high temperature. The usual symptoms ap- 
peared, but more tardily, and the animal finally recovered. On Sep^ 
(ember 14 the rod corpuscles numbered 1.5 million. From this time 
there was slow improvement in the condition of the blood, 

(9) One bottle of the defibrinated blood with which the preceding 
auim^ bad been Inoculated w^s placed in a refrigerator at an average 
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temperature of 50° F. (KP C.) from August 27 until August 30. On 
this day 14 cu. (one syriitgeful) wan injected into the left jugular vein 
of So. 200, a fow 8 yeai-s old. After five days of elevated evening 
temperature and two of continuous liigb temperature, this animal 
tiuccumbed September 8. Tbe organs presented the usual lesions of 
Texas fever. The urine had a dark port-wine color. In the various 
organs and the blood many infected corpuscles were detected. 

With these positive results before us we need not hesitate to make 
the statement that there is something in the blood of cattle during 
Texas fever which, introduced into the body of healthy Rusceptibie 
cattle, gives rise to the disease. This somctliing is capable of repro- 
ducing itself indefiuitely in the blood of susceptible animals. In all 
cases there had beeu multiplication of the Texas-fever parasite, and 
these inoculations furnish additional proof that this parasite may be 
regarded as the cause. These inoculations show, also, that a compara- 
tively small quantity of bloo(l from diseased cattle placed under the 
skin is capable of causing a severe and even fatal infection. In this 
respect the microorganism seems to have as powerful an eftect as the 
bacteria which produce acute fatal fonns of septicicmia and seems to 
be capable of almost equally rapid multiplication. The sojourn of three 
days in a refrigerator did not destroy the vitality of the microorganism 
Its it ei:ists in the blood. The very severe inoculation disease produced 
in 1891 and 1892, as compared with 1890, is partly to be accounted for 
by the tact that only old animals were used latterly, while in 1890 the 
animals were young. The observations made in the field experiments 
and by former observers, that the susceptibility seems to increase with 
age, provided there has been no exposure to the disease at any time in 
life before, is thus indirectly confirmed by inoculation. The very 
striking susceptibility of cattle to this disease was furthermore demon- 
strated by tbe intravenous inoculation of three guinea-pigs at the same 
time with three of the cases cited above (Nos. 0-8, inclusive). These 
animals remained pertfectly well, though they had received relatively 
to their body weight a very much larger quantity of the deflbrinated 
blood. (Page 84.) 

TUK INOCULATION OF ANIMALS OTHEB THAN CATTLE ■WITH TEXAS- 
FEVBE BLOOD. 

The inoculation of animals other than cattle had a twofold pui-posc: 
first, to determine whether other domesticated animals are likely to be- 
come infected witli the micro- parasite and perhaps cause the dissemi- 
nation of Texas fever, and, second, to find some small animal to take 
the place of the much more costly cattle in the study of the parasite 
and the disease. This was esjiecially desirable since this parasite can 
not be cultivated outside of the ajiinial body. 

Hkeep. — Since sheep and cattle are so closely related it was thought 
that tbe disease might perhaps be induced in tbem. For this purpose 
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a lainb was used, A syriiigeful (7 cc.) of blood was drawn from the 
right jugular of cow No. 184, which was very sick at the time and 
whose blood contained the micro-parasite iii small numbers, and in- 
jected at once into the left jngular vein of the lamb. The operation 
was i>erformed October 1, 1891 ; tlie blood contained 10,442,000 red cor- 
piiscles.in a cubic millimeter. No parasites of any kind were detected 
ID them. 
Octoher 13. — Keil corpuscles 8,282,000. Hothing abDoriaal detected, 
October 37. — Red oorpiisoles 11,538,000. Several bright Intraglobnlar bodies aeon 
in the fresh preparation, but do parasitea. 

From October 1 to October 27 the temperature was taken twice daily. It flnota- 
ated between 101 and 103. 

Though the inoculation was made somewhat late in the season the 
outeome ]>Iainly indicates no susceptibility of sheep to this disease. 

RaitbiU. — September 20, 1889, immediately after cow No. 54 had been 
killed a quantity of spleen pulp containing many corpuscles infected 
with large paired parasites was mixed with sterile salt solution. The 
reddish liquid was iiyected into the ear vein of three rabbits. No rise 
of temperature and no symptoms of disease were noticed. One rabbit 
was killed on the seventh day and the blood and organs carefully ex- 
amined for infected corpuscles with negative result. The others were 
watched for several mouths, but nothing abnormal detected in their 
action. The second rabbit, which had become scabby, was killed Janu- 
ary 18, 1892. Tlie various organs and the 'blood were examined micro- 
scopically with negative result. The following may also be cited: 

(kuUr 1, iS9f.— With the blood of cow No. 184 two rabbits (Nos. HO, Ul) were 
inocnlated at the same time with the lamb. Each received 1 cable centimeter iuto 
the ear vein. 

No. 140 (black rabbit) showed no external symptoms of disease. The blood was 
examined twice and no infected corpuscles found. 

Ovtobtr 19, 1891, 6,537,000 red corpuscles in a cmm. 

DtcfiMler 3, 1891, 7,134,613 red corpuscles in a cmm. 

No. 141 (white rabbit) remained eqoalJy well. The following blood examinations 

OetoSw 19, 1891, 5,2«8,000 red corpuscles in a cmm. 

Dtoemher S, 1891, 4,533,000 red oorpusoles in a cmm. Infected corpuscles absent. 

P^eow*.— September 28, 1891. Blood containing infected corpuscles 
is drawn from the jugular vein of cow No. 186 and injected at once 
into the wing vein of three pigeons (Nos. 2, 3, and 4). In a fourth 
pigeon (No. 1) the blood failed to enter the vein and was deposited in 
the surronnding connective tissue. Each received about 1 cc. 

No. 1 died October 13, though not fromtlieinoculatioD, as its feathers 
were ruffled at the time of the operation and it was probably not well 
at that tune. Examination of the blood and organs negative. The 
other pigeons remained well. On October 5 the blood of No. 3 con- 
tained 3,926,800, that of No. 4, 4,094,300, red corpuscles, in a cubic 
millimeter. They were killed January 22, 1892. The blood of No. 3 
was searched in vain for parasites. 
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Guiiiea-pigs. — August 27, 1892. Blood was drawn from the left jn- 
gular of cow No. 222 affected with Texas fever into sterile wide-moutlicd 
bottles coQtaitiing glass beads and deflbrinated by shaking vigoroasly. 
Three ^inea-pjgs were inoculated; No. 1 received into the exposed 
jugular 1 ce. of deflbrinated blood; No. 2 received iuto an ear vein ^ 
(X.; No. 3 received into an ear vein 1 co. 

The injections were completed fifty to seventy minutes after the 
blood had been drawn from No. 222. The injection into the ear vein 
was a perfect success ia the two cases on which it was tried. These 
guinea-pigs remained entirely well. The blood was examined from time 
to time both in fresh and in dried and stained preparations, but the 
coi-pusclea were not counted, owing to the pressure of other work. 
There was no evidence, however, from the microscopic examination of 
any change from the normal condition or of any infection. The guinea- 
pigs were watched for more than a month after the inoculation. 

Strongly contrasting with the result on gainea-pigs Is that obtained 
with the same blood on cows. (See page 82 and Nos. 197, 200, 227, 
and 228.) The largest quantity injected into the circulation of the 
guinea-pigs was relatively to the body weight not less than twenty- 
five times greater than the largest dose and three hundred times greater 
than the smallest dose injected into the cattle. Yet all four cows con- 
tracted Texas fever and three died. 

Of other observers who have tried to produce Texas fever in other 
animals we find Faqnin (9, p. 16] making the following statement: 
" We have succeeded also, though with great difficulty, to induce the 
disease in sheep, guinea-pigs, white mice, white rata, and very rarely 
rabbits, kittens, and swine. The germs may be reproduced by inocu- 
lation of liver and spleen pulp in any of these subjects, but the quan- 
tity must be large and the gross typical spleen lesions are not always to 
be found." Inasmuch as spleen lesions are associated with a variety of 
infectious and septic diseases in animals, and as there is no record of 
other lesions peculiar to Texas fever in these inoculated animals, we are 
compelled to call in question the accuracy of the diagnosis in these 
cases. 

The inoculations made by us demonstrate that sheep, pigeons, rab- 
bits, and guinea-pigs are to all appearances iususceptible to this dis- 
ease, whereas in cattle the disease may be invariably produced by the 
injection of infected blood. It is to be hoped that opportunity will be 
presented the coming summer to try other species of animals. 



.dbyCoOgIc 



THE TRANSMISSION OF TEXAS FEVER BY MEANS OF THE 
CATTLE TICK. 

BoSphilui bo»la (Riley) Curtice. 

It has been a more or leas prevalent theory of cattle-owners in the 
districts occasioDally invaded by Texas fever from the South that ticks 
are the cause of the disease. Mr. J. B. Dodge, (2) in his historical re- 
port of this plague, mentions the fact that in 1869 an outbreak in Chester 
County, Pa., was believed to be caused by ticks. Gamgee in 1868 (2) 
states : " The tick theory has acquired quite a renown during the past 
summer, but a little thought should have satisfied any one of the ab- 
surdity of the idea." The officers of the Metropolitan Board (1, p. 
1084) and most subsequent observers seem to have entertained the 
same view of the harmlessness of the cattle tick as a carrier of the 
infection. In fact few observers have given it any thought. lu the 
entire report of P. 8. Billings we find uo reference whatever to these 
pests. Paquin (9, p. 46) states that he has " found the parasites also 
in ticks bloated witk blood o/infeetious soutkem cattle. So this must be 
added to the Hat of sources." But the ubiquity of this " germ " rather 
predisposes one against any belief in its existence if we did not have 
sufficient positive evidence that bacteria have nothing to do with the 
disease. The statement thus depends simply upon the finding of a 
" germ " in adult ticks resembling that found in diseased cattle and in 
fact everywhere else (waters, soil, manures firom the South, urine, bile, 
liver, spleen, kidneys, etc., of infectious Northern stock). Experiments 
to demonstrate the relation which ticks bear to Texas fever were not 
made. 

Nothing positive was thus contributed to the elucidation of the action 
of ticks in carrying the disease until the subject was taken up at the 
Experiment Station of the Bureau near Washington, iu 1889. Here it 
was found by experiments to be detailed in the remainder of this re- 
port that the disease can be produced by ticks hatched artificially iu 
the laboratory, without the presence of southern cattle. Before giving 
iu detail the experiments which led np to the final determination of 
this important discovery a few facts concerning the cattle tick which 
have come under our observation are necessary for the information of 
the general reader. We do not propose to give anything more than a 
general account of the tick, leaving problems of biology and mor- 
phology to those pursuing special line^ of work iu this field. 
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THE CATTLE TICK (Boihphilug bovis). 
PUte X. 

The ilrat deticriptinD of this parasite was made by Prof C. V. CUey, 
in 1868, under the name Ixodes bovU (2, p. 118) : 

Ixoden botiia Riley. — A reddish, coriaoeona flattened epecies with the bodj oblong- 
oval, coiitrncted just behind the middle, and with two lougitudloal impresiiong 
above thin contraction, and three below it more «i>peciiill; visible iu the dried »pef- 
iiuen. Head short anil broad, not 8piiie<l behind, with two deep, roaud pits. Palpi 
and beak together unusually short, the palpi being slender. Labium short and 
broad, densely spined beneath. Uandibles smooth above with terminal hooks. 
Thoracic shield uistinct, one-third longer than wide, smooth and polished ; convex, 
with the lyrate medial couvexity very distinct. Legs lotigund slender, pule teita- 
ceoiia red; cozes notspined. Length of body 0. 15 of an inch ; width 0, 09 of an tnoh.* 

The generally accepted idea as to the hamileMHiiess of this parasite 
caused it to be neglected as an object of study until 1889, when our pre- 
liminary experiments seemed to indicate that ticks must be present to 
convey the iniW;tion from southera to northern Btock. Hence, Dr. 
Cooper Ourtice, at that time in charge of the investigation of animal 
parasites, began the study of the life history of this species-t It was 
discovered qalte accidentally that adult females kept confined in 
bottles or other glass receptacles always lay their eggs. Snch a stock 
of eggs furnished the starting point of Dr. Curtice's investigations. 
The eggs were placed in covered glass dishes containing a little soil 
and kept iu a warm place. After a period of three to four weeks the 
young ticks appeared. These were placed on a calf kept in an arti- 
ficially heated stable, as the season was already advanced (November 15). 
The earliest or larval stage as it emerged from the ovum had three pairs 
of legs. After one week's sojourn on the calf it was ready to moult, 
The emerging nymphal stage was provided with an additional pair of 
legs. After another week's life on the calf the tick was ready to moult 
a second time and become sexually mature. Curtice thus showed that 
in this particular species there are two periods of moulting before the 
parasite becames matured. He likewise created for it a new genus 
{Boopkilus). Dr. George Marx has given more or less attention to 
the classification of ticks, and places the species under consideratio'U 
as follows}: Gluss, Arachnida; order, Acari; suborder, Cynorktetta; 
family, Rhipistomtd^; genus, Boiipkilus; species, bovis. 

In our experiments with this cattle tick we have confirmed and 
extended the observations recorded above cliiefiy in the direction of 
the life history, since this is the most important as|iect in its relation 
to Texas fever. 

* We simply quote this description liere as a matter of historical interest, withont 
coroment us to its accuracy. We may state, however, that the color of adult 
TeDiates is not reddish. The back is olive brown, the belly slate colored. The dimen- 
sions given in this dia^osls probably belong to an adult male. For the dimensions 
of tbe paraBit« In its different stages, see this chapter. 

tThe biology of the cattle tick. Journ. of Comp. Medicine and Veterinary Ar- 
chives. July, 1891. and January, 1892. 

IProc. Eutouologicul Society of Washington, ii, p. 233. 
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Tlielayiug of tlie eggs may lie observed by anyone by uiiaply placing 
fnU-grovn ticka in some vessel IVom which they can not escape. The 
tick remains qniet for from two to four and one half days, according to 
our observations; then a few eggs will be observed on the mouth parts, 
which gradually increase in number. The period of oviposition varies 
somewhat. Confined in bottles, for instance, at a temperature of C8°- 
78° F. the laying was observed to continue flroni eight to fifteen days 
in a lot of 23 mature ticks, each one of which was kept in a separate 
Iwttle. The number of eggs varies in general with the length of the 
egg-laying period. Thosewhich took the longest time laid the largest 
number. Of four large ticks laying from twelve U* sixteen diys, each 
averaged 118 mgr. (IjJ grains) of eggs. Careful counting gave an 
average of 1,300 eggs per grain. If we take the actaal weight of all 
the eggs laid by the twenty- three ticks, which is 3.41 grams (37^ grains), 
a single full-grown tick averages about 2,100 eggs. Ticks do not need 
to be folly gorged with blood before they are capable of laying eggs, 
Even such as are half-grown will begin to lay after a few days, but the 
number is much less than that laid by the large, gorged individuals. 
Tests showed that 40 half-grown ticks laid no more eggs than would 
have been laid by seven or eight full-grown individuals. During the 
process of oviposition the femalestowly shrinks in size and when it iscom- 
pleted she appears shriveled and not more than one-balf or one-third her 
tbrmer size. The eggs appear as dark, brownish-red masses of oval bod- 
ies. The color varies somewhat and its depth appears to be connected 
somehow with thequantity of blood with which the female is gorged be- 
fore oviposition. Measurementsoffreshlylaidovain 1889madethelong 
diameter 0.519 mm., the transverse 0.38 mm. Measurements in 1892 
gave nearly the same figures, 0.490 and 0.384 mm. They are thus, 
roughly speaking, one-flftieth of an inch long and one-sixty-sixth of a» 
inch broad at their widest portion. 

When masses of ova are placed in glass dishes with a little soil or 
some leaves and a few drops of water, and the dishes kept closed with 
glass covers so that the emerging young may not escape, the incuba- 
tion goes on without anydifflcolty. The perio<i required for the young 
to emerge from the shell varies very markedly with the surrounding 
temi>erature. In Curtice's first experiment it required from three to 
four weeks. The t«mperatiu'e of the bacteriological culture room where 
they were kept could not have been lower than 70° to 80^ P. at that 
time. This relation to temperature is well exemplified in the following 
experiments: 

(1) Tickn sent from Nortli Carolioa and received herf July 29, 1S90, bave luiil n 
considerable niimlier of eggs im tli« wa;. These lire placed in glass iliHhoB iind kept in 
tb'e laboratory. Many young tirks moving about on August 13. Hc^re the periiKl of 
incubation was from fifteen to eighteen days. The weather during this time was 
very hot. 

(2) Eggs two til three days olil placed in glass dishes Angnst 8. YoiiDg ticks .iiv 
pearetl AugUHt 29. Period ubont twenty-fonr days. 
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(3) Egge seversl dajs old |)laced in diaLes August 13, 1890. Yuimg ticks appear 
in large nnmbeTB September 4 and 5. Period approximately twenty-five days. 

(4) On September 17, 1890, eggs two to three daysold placed iu g)a«« disheB. Young 
ticks tirst appear October 21, and their numlier iDcieaseu uutil October 28. Period 
about forty days, 

<5) £gg8 one to three days old are placed in glass diabeH September 20, 1890. 
Young ticliB present in abundance November 1, Period about forty-tbree days. 

<6) Eggs one to three daya old are placed iu glass dishes September 23, 1890. 
Young ticks begin to appear November 1. Period about forty days. The eggs from 
esper Jments 4, 5, and 6 were taken successively from the same adult ticks. The tem- 
perature of the laboratory at this time was 7G°-80° F. during the day, but fell 5° ur 
10^ at night. 

(7) Eggs one to two days old placed in dishes October 6 and 9, respectively. The 
dishes were kept on shelves several feet above a steam heater. On November 9 all 
eggs were found hatched out. Period abont thirty dajs or less, 

(8) Eggs two to four daya old placed in dishes October 9, 1890. Over steam register 
only a part of the time. A few young ticks appeared November IG. Hatching com- 
pleted November 17. Period abont thirty-eight to forty days. 

From tliese recorded dates it wilt be seen }iow essential a high temper- 
ature Is for the rapid development of the embryo in the egg. The 
period of development may vary irom fifteen days to six or seven 
weeks, and may perhaps be prolonged still more by lower temperature. 
It is evident, however, that a certain temperature level exists below 
which no development takes phice. In the esperiments above described 
there was considerable daily fluctuation in the temperature, and hence 
they can be made to show only the general relation subsisting between 
beat and development. To fiud the lowest temperature at which devel- 
opment may go on would require thermostats in which a certain low 
temperature conld be constantly maintained. It is probable that the 
shortest period of incubation might be shortened still more by placing 
the eggs in continuous high temperatures. We have considered this 
matter more in detail owing to the intimate relation between the period 
of development of the yonng tick And the so-called "period of incuba- 
tion " of Texas fever. 

There are some changes which the ova undergo during development 
which are visible to the naked eye. After a variable number of days 
each ovum presents a white spot. Under the microscope this corre- 
sponds to the position of the cloacal opening, and is nothing else than 
a mass of white powder composed of very minute spherical crystals. 
It is an excretory product (urates!) of the young tick, the outlines of 
whose body and limbs are now visible through the shell under a low 
power of the miscroseope. The color of the egg itself becomes lighter, 
and of a more opaque, milky character. Towards the end of the period 
of development it assumes a peculiar metallic lust«r. These changes 
are all caused by the changes going on within the shell. 

The minute six-legged ticks (Plate x, Fig. 3) after emerging ti'om the 
shell are at first of a pale brownish, translucent, waxy color, which 
soon changes into an opaque brownish hne. They are about 0,67 mm. 
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(.0268 iiicli) iu leiiytli, iiiclii<liii{r the inuutli parti«. They move actively 
abont, carrying in their eloacal opening the chalky mass of urates ( 1) 
mentioned above. They collect along the edge between dish and cover, 
and scatter as soon as the cover is removed. When confined for some 
time in the dish, tbis becomes soiled with a large number of white dots 
discharged by the ticks. 

These minute creatures are very tenacious of life when kept confined 
in glass dishes containing a little loam or some leaves. Young ticks 
hatched about the middle of December, 1890, were confined in the same 
glass dish in the laboratory during the winter. On May 1, 1891, four 
and a half months after batching, they were still active. On May 19 
a few were still active ; some were inert, but not yet dead. Young ticks 
hatched about July 20, 1891, were still active Augusb 29. The para- 
sitic habit of the tick is probably so complete that no growth and no 
further development takes place unless the larv% g^u access to cattle. 
When they have once attached themselves to the host and begin to get 
nourishment in the form of blood their growth is assured. 

We have already referred tfl the larval and nymphal stage, so-called, 
as observed by Curtice. In his observations each stf^e occupied about 
a week, so that at the end of two weeks the female tick is sexually 
mature, prepared to become fertilized, swell up and drop off to lay her 
eggs as the beginning of another generation. When young ticks 
hatched within a few days of one another are placed on cattle they do 
not necessarily mature at the same time. The dropping off of ripe 
ticks may go on some days before the animal is completely freed. In 
general, the time required for the tick to mature and drop off is from 
twenty-one to twenty-three days. These figures are the result of nu- 
mercns observations made in the experiment fields at the station. The 
date being known when the larvffi were placed on the cattle, this period 
was easily determined. 

The life history of the tick after it has att'acbed itself to cattle is thus 
easily told. Taking two weeks for the tick to become sexually mature, 
the fertilization takes place as described by Curtice. An examination 
of the skin of cattle at this time shows each female provided with a 
male. After fertihzation the female enlarges very slowly until firom 
the nineteenth to the twenty-second day, when she swells up very rap- 
idly, a day or two producing great change in size. When the proper 
stage is reached she loosens her hold upon the skin and drops to the 
ground, where the laying of eggs begins in a few days. The length of 
time elapsing between successive generations of ticks may be tabu- 
lated approximately as follows: 

From ovipoeition to the larval atage (period of incubation) 20 to 45 days 

From larral to adult state (parasitic etage) 21 to 23 days 

Age of one generation II to 68 days 
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It should be borne iu iiiiiid that the younp, after emergiug from the 
egg, ma; perliaps live on tbe fields an indefinite length of time before 
they gain access to cattle. We have kept them alive tbr several 
months. How they would fare under the varying conditinus of mois- 
ture and dryness and of a flactnating temperature we are uuable to 
state, from laet of obaervatiou. This free-living period must be added 
to the tot»i given above to obtain a more accurate idea of the life of a 
single generation. Yet it is of little importance and without doubt 
very brief, tor when cattle are within accessible distance the young 
ticks soon find their way to their host. 

Tbe problem bow the tick passes the winter is an i^iportaut one 
which needs special investigation. In the warmer climates ticks are 
found on cattle during the winter season, and hence the development 
from the egg goes on during the entire year. It is highly probable 
that in those regions where the temperature falls too low for the tick 
to live on cattle the species is carried through the winter in the ovum. 
Tbe great vitality of the ova is illustrated in the following experiment; 

A number of dishes containing eggs were placed in a cold storeroom 
in the attic of the Department building during November and Decem- 
ber, 1890, and January, 1891. The eggs were placed on the bottom of 
the disbes, which, otherwise empty, were covered with glass covers. 
They were occasionally inspected in the conrse of the winter and early 
spring, but not thereafter until July 15, 1891. It was then found that 
in three out of nine dishes (one placed there in November, one in De- 
cember, and one in January) the embryos bad developed and hatched 
at the approach of hot weather, but were now dead. The young ticks 
had left behind the little chalky masses of urates ( 1) over tbe inner 
surface of the dishes. In the other dishes the eggs were shriveled. 
Signs of development were absent. This shows that the ova lived 
through the winter under unfavorable conditions of moisture, since 
the air of the room was quite dry. The capacity of the tick to survive 
occasionally the winter in regions north of its natural habitat was dem- 
onstrated in an unexpected manner on the station grounds iu 1891. 
In September of 1890 ticks batched in the laboratory were placed on 
two cows (No8. 137, 144) in a piece of woodland belonging to the sta- 
tion, but some distance removed from it (page 105). These conti'acted 
the disease in due time. One died during the acute attack, the other 
succumbed after it. The ticks, matured from this case, wintered over, 
probably, among the leaves under the trees, nnd on September 1, 1801, 
one young animal in this inclosure was found with many ticks attached 
to it, and the examination of the blood demonstrated Texas fever. The 
other animals in the inclosure were iusnst-eptible Southern animals, 
kept over fi-om previous years, bnt hkewise infested with ticks. Since 
it is quite impossible that any ticks conld have been taken to this in- 
closure during the summer of 1891, the explanation given above is the 
only admissible one. The ticks did not reappear in 1892. 
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Aside fi-oiii the relation whieli the tick Iwiirs to Texas fever as tlie 
carrier of the microorganism of this disease, it ia pertiuent to iaqoire 
iD this place what other injury this parasite might iaOict oa cattle. 
That it abstracts a certain quantity of blood during the later days of 
its parasitic existence is evident. The intestine is distended with a 
dark-red, tarry, viscid mass, from which an abundant crop of hsemiu 
crystals may beobtained according to the well-known method of adding 
a crystal of common salt and some glacial acetic acid to some dried 
contents of the tick's body cavity on a glass slide and heating the lat- 
ter until bubbles of gas are given off. These crystals show that there 
is much concentrated coloring matter of the blood corpuscles in the 
body of the tick. Tet it is doubtful whether in the aggregate very 
mnch hlood is abstracted by the ticks, and the various eases under ob- 
servation did not warrant the conclusion that any marked impression 
was made on the number of red corpuscles of insnseeptible or recovered 

The tick produces more or less indammation of the true skin and sub- 
cutis where it is attached. Sections of skin examined under the mi 
croscope show a very intense c«Ii infiltration at the place of attachment, 
and for several millimeters around it. This infiltration is not noticed 
by the unaided eye. It is probable that it is due to the frritation caused 
by certain unknown secretions of the tick, which aid it in working its 
way through the upper layers of the skin and in obtaining blood in an 
unc«agulated state from the blood vessels attacked by it. After hav- 
ing attached themselves, tit^ks are in communication with blood vessels, 
for in removing them a drop of blood oozes from the place of attn^Sh- 
ment. 

The young ticks attach themselves by preference to the more tender 
regions of the hide, such as the inner aspect of the thighs, the pnbic 
region (escutcheon), and around and on the udder. When numerous 
they may attach themselves to the neck, the sides of the thorax, the 
ears, and even the back. In searching for them tbe regions first men- 
tioned must be thoroughly examined. It must also be borne in mind 
that when the disease appears the ticks Are still quite small and may 
be overlooked. Even at the time of death only a small number may 
have passed beyond the second moult. Tbe ticks still within the 
second skin are onJy 3.2 mm. (about one-eighth inch) long. Those just 
emerged are of the same length. The more active males of the same 
stage are only 2 mm, (one-twelftji inch) long. The largest ticks 
found on animals which die during the acute attack are not more than 
5 to S mm. (one-flfth to one-third inch) in length. When ready to 
drop off irom insusceptible or recovered cases, they are about half an 
inch long (12 mm. long, 7 mm. broad, and 4 mm. thick). 

In the foregoing it has been stated that the female tick remains until 
maturity upon the same animal to which it attached itself after emerg- 
ing from the egg. Each tick, in other words, is parasitic upon but one 
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animal. Wliat becomes of the tic^ksnot yet matured, whicli are at- 
tached to the skin of natives wbeu the latter succumb to Texas fever, 
we can Dot state definitely. It is certain that they do not at once leave 
the dead body, for in the case of cattle which die early in the night the 
ticks are still found attached next morning. In the case of a calf kept 
in a large refrigerator several were found attached forty-eight hours 
after death. If ticks are removed by the hand Irom the dead body it 
will be found that the males as well as those females which have passed 
through the second moult move aboot with some show of activity, while 
those individuals which have not yet cast off the moulted skin are mo- 
tionless. Taking these facts into consideration, we must regard the 
movement of ticks from one animal to another as an unnatural process 
which, so far as we know, may take place, but which from general ob- 
servations does not appear to be of much importance. Still, it is never- 
theless desirable that experiments be made to determine positively 
whether ticks may be transplanted after the last monlt, and whether at 
this advanced stage in their life history they are still capable of pro- 
ducing Texas fever. 

Paquin states (9, p. 45) that fhll grown ticks contain the "bacteria" 
of Texas fever. In order to see whether ticks contain bacteria, and 
what kind, the following inoculation experiments were made: 

(1) Jitly 7, 1890. — A large North Carolina tick was taken and its back scorched 
throngh with a red hot platiuum spatula, thuH eiposing the body cavity. A loop of 
the blaolc tarrj oontenta transferred to peptone bonillon. A ooccna, arranged in the 
form of tetrada, produces a faint olandineu tuid a depoait in the iooeulated tnbe. 

(2) Aaecoad tick from the same sonroe treated intha same way. The culture con- 
toioB a coccns of the same form. 

(3) July 10, 1S90. — From a large tick from Texas cattle a peptone bouillon tnbe in- 
oonlated. Itemaina sterile. 

(4) Another iM'go Teias tick nsed. The resulting peptone bouillon culture con- 
tains a flooonleut growth of large baciUi in chains. 

(5) t/uljr 18, 1890. — An agar tnbe inoculated from a large tick, as before. Remaiua 
permanently sterile. 

(6) Another agar tube inoculated from another tick. A considerable number of 
email colonies develop, having un opaque center and translucent periphery. They 
are made up of short bacilli. 

(7) A peptone bonillon tube inoculated from a large tick becomes clouded with 
large motile spore-beariug bacilli. 

These experiments show that the tick may harbor a variety of bac- 
teria or none at all. 



These experiments were begun in the summer of 1889 and have been 
continued up to the present. They have been carried on in threerdif- 
ferent directions : 

(1) Ticks were carefully picked from Southern animals, so that none 
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conld mature and infect the ground, Tlie object of this groap of ex- 
periments was to lind out if the disease could be conveyed from South- 
ern to Nurtheru stock ou the same inclosure without the intervention 
of ticlis. 

(2) Fields were infected by matured ticks and susceptible cattle 
placed on them to determine whether Texas fever could be produced 
without the presence of southern cattie. 

(3) Susceptible northern cattle were infected by placing on them 
young ticks hatched artificially, i. e., in closed dishes in the laboratory. 

These three lines were not followed simultaneously because, for in- 
stance, the foct that the disease can be produced by placing young ticks 
on cattle was discovered in 1890, and hence only tried then and there- 
after. In giving the details of the various experiments we shall adhere 
not to the classification given above, bnt rather to the chronological 
order in which the experiments were performed. This is necessary in 
order to describe successively the experiments of the same year which 
were more or less connected with one another and also to show the 
process by which the various facts concerning the cattle tick came to 
our knowledge. 

The disease was introduced into one field each year by North Caro- 
lina cattle brought here for this puriiose. In 1890 a field was infected 
by cattle from Texas. 

The field experiments were all conducted on the experiment station of 
the Bureau of Animal Industry within half a mile of the limits of the 
city of Washington, The arrangement of the various experimental 
fields is shown for each year on a plat of the station grounds. The 
isolated condition of the field in use in any given season may be seen 
by an inspection of these plats. They are either separated from one 
another by a piece of ground remaining permanently free from infection 
or by a lane or by a strip of ground purposely fenced off between them. 
No two fields in use are thus separated merely by a fence. In every 
case, with the exception to be noted, a strip of ground intervenes which 
is at least 36 feet wide. A small brook passes through a portion of the 
grounds as is shown iu the various plats, and the space between the 
fields along this brook is about 20 l^t wide. 

Experiments of 1889 (first bbries). 

To carry on the experiments in the early part of the season of 1889, 
seven head of cattle were collected in Craven County, H", C, which is 
a portion of the permanently infected territory. On June ^5 they were 
shipped by steamer from New Berne, N. C, and they arrived at the 
station near Washington June 27. They had thus been two days on 
the way. These animals were rather thin and a large number of cattle 
ticks (Boi^hiltts bovis) in various stages of clevelopoient were attached 
to tbejo. Only a few were full grown. 
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Experiment 1 {ejposure to Hoiitkern cattle with ticla). — Of these 
seven head four were placed in field I (see Fig. 4) on tlie day of arrival, 
Jnue 27. Tlie field contains about nine-Bixteenths of an acre. Tbe soil 
is a dry, gravelly loam. A small stream pauses througb it, from which 
the cattle obtain their drinking water, 




The history of the native cattle placed in this field may be briefly 
enmmarized. Notes concoruiiig symptoms of disease, post-mortem ex- 
amination, niicroseopical and bacteriological data, may be found in the 
appendix under each case. 
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{a) North Carolina cattle with ticks: 
No. 12, placed in tliis field Jane 27, removed August 17. 
No. *0, plsced iji this field June 37, removeii AnKUSt 17. 
No. 42, placed Id tliis field June 27, removed AiigiiRt 17. 
No. 45, placed in this field June 27, removed AngUBt 17. 

{b) Native cattle : 

June 17, No. 7 (cow, 6 years) placed in this field. Dead' August 23. 

June g7, No. 8 (cow, U years) placed in this field. Kilted^ August 27. 

JuHt S7, No. 75 (ca)f of No. 8, 4 mouths) placed in this field. Recovered. 

Jxnet?, No. 9 (bull, IJ years) placed in this field. Died August 31. 

Jane S7, No. 10 (calf of No. 7, 4 moutliB) placed in thia field. Died August 31. 

June f7, No. 11 (calf of No. 7, 4 months) placed in this field. KiUed September 10. 

AngtulSO, No. 46 (heifer, Ifyeara) placed in this field. Killed September 10. 

Augttt St, No. 43 (steer, 3 years) placed in this field. Dead September 13. 

Angutt H, No. 44 (steer, 4 years) placed in this field. Dead September 17. 

September 6, No. 53 (heifer, 1} years) placed in this field, fiecovered. 

Slumber 6, No. 54 (heifer, 2 years) placed in this field. Killed September 20. 

September 14, No. 57 (covr, 9 years) placed in this field. No result. 

Septamter SO, No. 70 (steer, 2i years) placed in this field. Died October 19. 

October 19, No. 71 (heifer, 3^ years) placed in this field. Probably no disease. 

The disease in this field was designed to furnish material for geueral 
investigation as well as to serve as a control for experiment 2 below. 
It illastrates admirably a number of important characters of this re- 
markable disease and demonstrates once again the frequently observed 
fact that cattle, to all appearances healthy, may become the cause of 
au extensive fatal disease when transferred in the warmer seasons of 
the year from a certain permanently infected area to territories north 
of this area. 

The first high morning temperature appeared August 15, or thii-ty- 
nine days after the native and Southern cattle were placed on this field 
together. The first death occnrred August 23, or forty-seven days 
after this same date. In othw words, the cattle exposed at this time 
died not less than forty-seven days after the beginning of the exiwsure. 
After a certain time, however, death follows more speedily after ex- 
posure, as may be seen when we consult those cases exposed August 
20 and thereafter, for which this period was only fourteen to twenty- 
three days. The field remained infected so as to cause death as late as 
October 19. The later the exposure the less likely is thedisease to end 
fiitaUy. 

Omitting the last case, No. 71, as having been exposed too late, we 
have ten deaths from thirteen cases exposed, or 76.8 per cent. It should 
be noted that, although the Sonthera cattle were removed from the field 
August 17, the infection on the field remained unimpaired. 

Experiment 3 (ej^aure to Southern cattle without ticiai). — For this 
experiment, field II was selected (see Fig. 4). The soil is the same as 

* Unlesa otherwise stated the cause of sickness and death is Texas fever. 
tWith one exception (No. 163) all native animals reported killed in this report 
were in a dying condition at the time. 
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that in field 1, bat tliere is no mauing or standing water in it. It con- 
tains one-third of an acre. 

This experiment differed iKim the first in that the ticks were carefully 
picked from the three North Carolina cattle left after itocMng field I. 
The picking was done by hand. On Jnly 6 and 17, the cattle were 
again carefully inspected, and any ticks which bad thus far escaped 
attention were carefully removed. On July 23 no more ticks could be 
detected. In this way it was expected that no ticks would mature and 
infect the field. The following cattle were placed in this field June 27, 
1889: 

(a) North Carolina cattle without ticks, Nos. 28, 29, and 30. 

(ft) Native cattle: No. 51 (cow, 3 years); No 52 (calf of No. 51, 4 
months); No, 53 (heifer, IJ years); No, 54 (Leifei-, 2 years). 

On September 6, no ticks and no disease having appeared in this 
field, No8. 53 and 54 were transferred to field I. Their further history 
is given under experiment 1. It would have been more satisfactory to 
have left theseanimala on this field until the close of the season ofl889. 
But the evidence is decidedly in favor of the assumption that there 
was no infection of these animals when they were transferred to the 
infected field. This evidence is twofold: (1.) The three adult animals 
and one calf in control field I were dead by August 31 and the remain- 
ing calf was killed in a dying condition September 10. Hence all five 
animals exposed at tliesametimein the field cootaiuing ticks were either 
dead or very sick on the date of the removal of these two to field I, 
They on the other hand were at this time to all appearances healthy, 
(2.) One transferred case (No. 54) was dying of an acute attack Septem- 
ber 20, as the autopsy note^ and microscopical observations demon- 
strate. If tins animal had been affected September 6, at the time of 
transfer, the blood corpuscles would have shown later on enlarged and 
stained forms (macfocytes) always associated with prolonged disease. 
No. 53 first showed external signs of disease in the last week of Septem- 
ber, at which time it lost much flesh and was very weak. In October it 
was passing through a mild or secondary attaek. Both transferred ani- 
mals, therefore, must be regarded as having contracted Texas fever 
after September 6 on field I, The same arguments apply to Nos. 51 
and 52, which were reexposed later on in the season (experiment 4). 

Experiments of 1889 (second sbrieb). 

In September of 1889 a second series of experiments were carried on 
in order to repeat the observations on the relation of ticks to Texas 
fever. Nine head of cattle were collected in Craven County, N. C, 
Three were taken from each of three farms located several miles from 
New Berne and in opposite directions from that city. The three cattle 
from one farm were shipped from NewBerne September 10 and reached 
the station September 14. The remaining six were shipped September 
12 and arrived September IB, The three of the lot to arrive first were 
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placed in their respective fields a day earlier than the remaining six. 
All cattle were well loaded with cattle ticks, many of which were nearly 
matured. 

Sxperiment 3 (cjjxwwre to Southern cattle with ticks). — For this ex- 
periment field III was chosen {see Fig. 4). It resembled field 1 in 
having a running stream and contained about three-eighths of an acre. 
It was separated tram field I by a lane 36 feet wide. The experiment 
was designed as a control to the others below, and in order to insure 
the same conditions in every respect one of each of the three lots ol 
cattle was placed in it. The following animals were in this field: 
(a) North Carolina (tattle with ticks: 

No. 113, placed in field UI September 14. 

No. 60, placed in field ni September 15, 

No. 62, placed in field III September 15. 
(6) Kative cattle: 

No. 35 (heifer, 2 years), placed in field III September 14. 

No. 17 (cow. Si years), placed lu field III September 14. 

No. 49 (heifei, 3 years), placed In field III Septembei 14. 

Of these three natives only No. 47 passed through a severe attack of 
the disease, as the notes in the appendix demonstrate. The season 
.was somewhat too far advanced when the exposure began, and of the 
new generation of ticks only very few appeared on the native cattle 
afterward. 

Sxperiment 4 {exposure to Southern cattle with ticks). — ^This experi- 
ment is the counterpart of experiment 3, excepting that it was con- 
ducted in field 11, which is without running water. Field II, moreover, 
was occupied by Southern cattle without ticks in July and August, as 
will be seen by referring to experiment 2. From this experiment there 
remained in the field natives No. 51 and 52. On September 14 and 15, 
three North Carolina animals, one from each of the three lots, were 
placed in this field, and one native. No. 66, was added September 11. 
There were, tl .efore, in this field on September 15 — 

(a) North Carolina cattle with ticks, Nos. 32, 61, and 67. 

{b) Native cattle : 

Ho. 61 (liom experiment 2), PMBed thiongh the disesBe and recovered. 
No. 52 (from eipeiiment 2). Paiaed through the disease and recovered. 
No. 66 (steer, 31 years). Probably not affected. 

On October 9, ticks had almost entirely disappeared from the South- 
em cattle, and very few young ticks subsequently appeared on the 
natives. There can be no doubt of the nature of the disease in Nos. 
61 and 62, as will be seen from the notes in the appendix. 

Experiment 5 {exposure to Southern cattle without ticks). — For this 
experiment field IV was chosen (see Fig. 4). It covers about three- 
eighths of an acre, is situated above field III, and separated &om it by 
a lane 36 feet wide. The stream passes through it on the east. Three 
Southern cows, one from each lot, were placed in this field after tha 
10320— No. 1 7 , , 
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ticks had beeo carefully picked off bo far as they could be seen. In 
this Held there were the following animals: 

(a) Korth Carolina cattle without ticks: 

No. 55, 69, and 63, tbe Grat pnt on the field September 14, the otbera Septem- 
ber 15. 

[b) Native cattle : 

No. 41 (heifer, 4 yeora} placed in this field September 14. 

No. 60 (cow, 3 yeftra) placed in this field September M. 

No. ^ (calf of No. 50, 2 montha old) placed in this field September 14. 

No. 66 (heifer, 11 yeara) placed in thia field September 14. 

The Southern cows were reeiamiued September 18, 26, October 1 and 

9, and some remaining ticks removed. On October 9 only two or three 
were found. Up to November 27 no ticks were detected on the native 
cattle, and no symptoms of disease were noticed. 

Experiment 6 {exposure to cattle tickg only). — This experiment was 
carried on in field V, an inclosnre consisting of about three-eighths of 
an acre. The soil is a heavy clay loam, and contains neither running 
nor standing water. On September 13 several thousand, mostly ftiU- 
grown ticks, were scattered over the ground in this field. These ticks 
had been collected from cattle near New Berne, N. C, September 9 and 

10, There were placed in this field, September 14, four natives: 

■ No. 48 (cow, 2i years). 

No. 83 (calf of No. 48, 2 months). 
No. 64 (ateer, 2^ yeara). 
No. 65 (heifer, 3J years). 

Of these. Nos. 48, 64, and 65 contracted Texas fever, No. 83 was 
not examined as to its blood, but it showed no external symptoms of 
disease. No. 48 was killed in a dying condition, October 21. The 
autopsy, as well as the examination of the blood before death, demon- 
strated Texas fever, Nos. 64 and 66 recovered. 

Summary of the ExperimenU for 1889. 
The first series (Nos. 1 and 2) go far toward demonstrating that a 
field must be infected with ticks before Texas fever can appear among 
natives. The second series confirms the first as f^r as it goes. The 
atlvanced season gave rise only to what has been called the mild or 
autumnal type of the disease, characterized by the presence in the 
blood corpuscles of the peripheral coccus-like stage of the Texas-fever 
parasite. If we bring together the results of the four experiments we 
find that in the field containing the ticks only, and in which Southern 
cattle at no time entered, all three exposed adult natives took the dis- 
ease. In the field containing Southern cattle from which the ticks had 
been picked no disease appeared. Finally, in the two fields which 
contained Southern cattle and ticks together three out of six natives 
became diseased. In these experiments the great importance of the 
method of blood examinations as described in the first part of this 
volume is plain. To rely upon external symptoms in mild attacks is 
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out of tbe Qnestion. The countiog of the red corpuscles, thechajiges 
going on in the latter, and the presence of the Texas-fever parasite as 
determined by microscopical exaraioation are indispensable in deter- 
mining whether Texas fever is present or not. 




Fia. 5— .Field lnc1o>ai«a forlSDO (scale ^ inch ^33 tbet). Forsn eipUnatioii of the letters teeflg. 4 
on page M. 

Experiments of 1890. 

The experiments of this year were chiefly occupied with the relation 
of ticks to Texas fever. The experiments of last year were repeated 
and in additiou ticks were hatched artificially and placed on cattle 
with the result that Texas fever appeared iu every case (experiments 
12 and 13). Southern cattle were obtained as before from North Caro- 
lina {Experiment 9) and also from Texas (Bxpertmejit 8). 
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Experiment 7 {io ascertain whether the infection of 1889 turviveA the 
leinter). — For this purpose fields I and III of 1889 were thrown to- 
gether by removing the interveniag fences and the whole designated 
field I (see Fig. 6). The little stream was likewise fenced off in July to 
prevent any infection from field VI reaching it. A number of animals 
were pastured on this field. 

May ae, 1890.— Viti. 74 (bflifer, 2 yeara.) Transferrod to field II September 25. 

Ma^ S6, Isao.—'So. 91 (heifer, 3 yean.) TranBftirod to field VI Ootoberl. 

July 4, iS5(?.— (Stream fenced off, aa field VI is now need for the first time.) 

J»ly 9, 1S90.— So. 130 (cow, 5 years). 

Avguit S5, 1890.— So. 97 (bnll, 1 year). 

Dnring the snmmer no ticks appeared lu this field, so that it was 
evident that they had not survived the winter. No disease appeared 
in any of the animals exposed. 

Experiment 8 {to Mcertain whether the disease introduced by Texas 
and that introduced by North Carolina cattle are the same). — Four 
heifers were removed from their pasture near Houston, Tex., June 30, 
and sent by express to the station, wlwre they arrived July 4. Heuce, 
they were but four days off the Southern pasture before they were 
placed in field II (see Fig. 5), The heifers were in rather poor condition 
and all well supplied with cattle ticks of all stages. The field corre- 
sponded with field II, of 1889, but it was slightly enlarged so as to 
include about -^ of au acre. The field thus contained — 
(a) Texas cattle with ticks: 

Ko. 124 (heifer, 2 years). 

No. 125 (heifer, 3 years). 

No. 126 (heifer. 4 years). 

No. 127 (heifer, 5 years). All placed in field II, July 4. 

{b) The native cattle were exposed in the following order: 

Jw(y 4, No. 128 (oow, 12 to 14 years). Dies September 1. 
July 6, No. 80 (cow, 7 years). Killed August 28. 
July B, No. 82 (calf, 6 months). Diseased, bat recovered. 
Jut's 6, No. 107 (heifer, 1 year). Diseased, but recoTered. 
July 5, No. 129 (heifer, 2 years). Dies Angnet 29. 
Jn^mI so, No. 139 (cow, 6 years). Dead September 13, 
Sejptember £5, No. 74 (heifer &om field I). Dies October Vo. 
September 35, No. 62 (N. C. beifer of 1889). Exposure negatire. 

As regards the cattle ticks, the followiog observations were made. 
On July 30, only a few adults were still attached to the Texas cattle, 
the rest having disappeared. On October 20, only very few yonng 
ticks were still found on the surviving cattle, and eight days later they 
had all disappeared. 

Any differences between the disease in this and the North Carolina 
fields could not be found. 

Ea^eriment 9 {exposure to North Carolina cattle with ticks. Gen- 
eral control field for 1890). — Field VI was chosen for this purpose. It 
covers 1| acres, and is fenced off from the stream. Between it and 
the other fields {^^VJ,J8.a*»jrip of land containing the stream bed. 
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To cany on the various experiments of the year, and to infect this 
field, cattle were taken from North Carolina fields as in 1889. The 
cattle were collected Jnly 1, shipped by steamer from New Berne, N. C, 
July 2, and received at the station July 4. Of those received, the fol- 
lowing were plaeed in field VI oa July 4: 

No. 114 (bei&r, 2 yeaia), from North Cocolma; form 1. 

No. 112 (old cow), ftom North Carolina ; farm 4. 

No. 120 (cow, 7 ;eatB), from North Carolina ; farm 2. 

No. 119 (oalf of No. 120, 3 montlis), from North Carolina ; farm 4. 

No. 121 (cow, 3 years) from North Carolina; farm 4. 

No. 123 (heifer, 2 years), from North Carolina; farm 3, 
These Southern animals were in fiiir condition, excepting Ifo. 112, 
which was very thin and weak. All excepting No. 114 were well sup- 
plied with cattle ticks. 
The following Northern animals were placed in field VI: 
July 4. — No. 49 (oow, i years), ezpoaed in 1889, bnt probably not affected at that 

Jnly J.-~No. 85 (calf of No. 49, 3 mouths). 

Juijf J.— No. 50 (cow, 4 years), in field IV in 1889, bnt not affected. 
July J.— No. 57 (cow, 10 yeara), expoaed in fteld I in 1889, but probably not affected. 
July i.—Tio. 79 (oaJf of No. 50, 3 months). 

July i.— No. 66 (heifer, 2 years), eiposed in Held IV in 1889, bnt not affected. 
July i.— No. 69 (cow, 3 years). 
Jnly 4.~So. 100 (oalf of No. 69, 2 monthj). 
July 4.— So. 95 (cow, 4 years). 
July A— No. 93 (calf of No. SB, li months), 
Jugtut IS. — No. 71 (heifer, H years), transferred from field L 
Aiigait J5.— No. 134 (heifer, 2 years). 
Aagu*t 15.— Vo. 90 (bull, 1 year). 

Septembtr 8.— So. 56 (steer, 3^ years), exposed in field II in September, 1889, but 
probably not affected. 

These variooB animals {excepting Nos, 49,56 and 57) may be re- 
garded as unexposed natives, although aome of them had been used 
the year previous and early in this season in fields presumably free from 
infection. The result of the exposure may be tabulated as follows; 

No. 49 boB a severe attaelc but recovers. 

No. 85 has a mild attack. 

No, 50 dies September 6, siity-foor daya after the beginning of the exposure. 

No. 57 is not affected. 

No. 79 has a very mild attack and recovers. 

No, 66 dead September 1, fifty-nine days after the beginning of the exposure. 

No. 69 dies September 3, sixty-one days after the beginning of the exposure. 

No. 100 haa a ntitd attack, but succumbs in December. 

No. 95 killed in dying condition, August 25, fifty-two days after exposure. 

Ko. 98 has a mild attack. 

No. 71 dead September 6, twenty-fonr days after beginning of exposure. 

No. 134 killed in dying oonditinn August 28, fifteen days after exposure. 

No. 90 dies September 16, twenty-two days after exposure. 

No. 66 has a prolonged but mild attack and recovers. 

ItwUl be seen from this table that all animals exposed in midsummer 
{July and August) died or were killed in a dying condition, excepting 
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thecalTAS. These were all atfected; one died late in the fall and one 
was killed, bat in every case tlie attack was mild. The mortality among 
those over 1 year old was 80 per cent. It will be noticed also that ani- 
malsexposed in August died with those exposed a month earlier. Those 
exposed on July i, when the Held was first infected, died from fifty-twd 
to sixty- four days thereafter. Those exposed in August died in fifteen 
to twenty-four days after the first day of exposure.* 



Tlorth Saroiina. CaUie wUhout ttdU, 



B.--SnppleniBiitary InelosQres To 

On July 30 only a few Ml-grown ticks were left on the Southern stock. 
August 13, two weeks later, young ticks had appeared on all the eattle, 
native and Southern alike. August 25 some of these had become full 
grown. In the middle of October only a iev young ticks could be seen, 
and by the end of the month they had practically disappeared. 

* In this field there were placed during the summer some animals which had paaaed 
through one attack of tbe diaeaae and BOmo Southern animals kept on the station 
from the year prerious. These cases will be reviewed under another subject (p. 130). 
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EiJcperiment 10 (exposure to cattle ticks only). — Field VIII was need 
in this experiment. (See Fig. 6.) It is a fenced off iwrtion of a piece of 
gtx>und situated aboat oue-fourth mile uortli of the station grounds upon 
which the experiments thus far recorded were carried on. This par- 
ticular field covers about If acres, and is separated from the adjoining 
fields VII and IX by strips of ground as shown in the plat. The ground 
is covered largely with trees (oak and chestnut) and may be regarded 
as sparsely wooded. It slopes towards field VII at an angle of 20O-30°. 
On July 4 about 4,000 matured and 1,000 half-grown ticks were scat- 
tered over the ground in this inclosore. The ticks had been collected 
between June 28 and July 2 about New Berne, N, C, and placed in a 
large can containing grass from the Washington station. At the time 
they were scattered over the field many had already laid a portion of 
their eggs. 

In this field were placed the following native cattle: 

July rf.— No. 76 {hoifer, 1 year). 

July 4.— No. 102 (oow, 6 yearH). No. 103, (calf of No. 102, bora on thie field 

September 1). 
July i.— No. 105 (Iieifer, 2yearH). 

Au^utt SI. — No 47 (cow, 4J years, recovered oase of 1889). 
Aug^utSl. — No. 135 (heifer, two years). 

The result o*" the exposure is briefly as follows : 

No. 76 killed in dying condition August 18. 

No. 102 very sick with Tesas fever, but recovered. 

No. 102. died of Teiae fever thirteen days after birth. 

No. 105' rery sick, but recovered. 

No. 47" died September 12. 

No. 135" very sick but recovered. 

Of the six cases exposed to the ticks only, all were unmistakably af- 
fected with Texas fever, as the notes iu the appendix show. Three died 
and the autopsy confirmed the diagnosis. The reason why the mortal- 
ity was not so high here as in the preceding experiment is probably to 
be sought for in the fact that under natural conditions the young ticks 
appear more successively and cause a more prolonged infection, while in 
this experiment they probably appeared nearly all at the same time. 

The young ticks were seen in this field August 8, and on August 23 
full grown specimens were tbnnd on No. 102. 

Experiment 11 {exposure to Soutliem cattle without ticks). — This ex- 
periment was conducted on field VII adjoining the field of the preced- 
ing experiment. (Se« Fig. 6.) It covers about If acres and contains 
both ninning and standing water fh>m a spring. It is not wooded. 
The following Sonthern cattle brought from North Garolina(with those 

*Tbese oases were tranaferreil subsequently to an uniafectod field in order to de- 
termine whether they could communicate the dieeaae to other natives. (S«e appen- 
dix asder each case and p. 122.) 
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pliiced iu field VI of this year) were pat into this iDcIoBure after all 
ticks that could be fouud were carefully removed: 
Juli d. — Ko. 115 (cow, 6 years) from fmnu 1. 
Julg 4.— No. 116 (heifer, 2 y«an) from form 2. 
Jul/f 4.— Ho. 117 (heifer, 2 years) from fftrm 3, 
Jalj 4.— No. 118 (cow, 10 years) from farm 4, 
July <.— No. 123 (heifer, 3 yeaTs) from farm 1. 

Into this inclosure were placed on the same day the following native 
cattle: No. 103 (heifer, 3 years); No. 106 (heifer, 2 years); No. 108 
(heifer, 2 years). 

The Southern cattle were reexamined three times a week between 
July 7 and July 28, to remove any ticks .which on accoant of their 
small size had escaped detection. On a final examination July 30 no 
more could be found. 

Nevertheless, on August 15, a few young ticks were found on the na- 
tives, and three days later a large number had attached themselves. 
The outcome was the death of the three natives. No. 103 died Angust 
28; No. 106 died September 6; No. 108 died September 9. 

The experiment had thus failed iu ao far as ticks bad not been kept 
out of the field. Although it is not to be denied that some may have 
escaped attention and fallen to the ground, yet it is highly probable 
that most if not all the ticks or their eggs were washed in from the ad- 
joining field VIII, which is considerably higher and slopes toward VII. 
There had been exceptionally heavy showers Augost 1 and August 
8, which had carried much soil, and even stonea as large as a fist, into 
this field. At all events, this ditBcoIty might have been avoided by 
reversing the location of the two experiments and placing the animals 
fi-ee from ticks on the higher ground. 

Experiment 12 {production of Texas fever bp placing on native cattle 
young ticks artifidallp hatcheA in the laboratory). — Hitherto we had 
supposed that the cattle tick acts as a can'ier of the disease between 
the Southern cattle and the soil of the Northern pastures. It was 
believed that the tick obtained the parasite from the blood of its host 
and in its dissolution on the pasture a certain resistant spore form 
was set free, which produced the disease when taken in with the food. 
The feeding of one animal (No. 145) for some time with grass from field 
VI, the most abundantly infected of all, without any appearance of dis- 
ease made this hypothesis untenable. But even before this feeding ex- 
periment was undertaken other facts were noticed which militated 
against this hypothesis and which proved that the young tick calls 
forth tlie disease. In the first place, animals exposed when the field 
was first infected did not die until fifty to sixty days after the begin- 
ning of the exposure, while those exposed thirty or more days later on 
the same ground died in fifteen to twenty -five days thereafter. In the 
second place, all animals which succumbed had young ticks on them. 
In other words, the appearance of the disease was in some manner as- 
sociated with the appearauce of the new generation of ticks. Even 
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with this fact fairly well determined the true explanation that the 
young ticks were directly respoQ»ible for the disease seemed too far- 
fetched to deserve attention until it was demonstrated in the following 
miinner. A yearling heitfer {No. 138) had been placed in a box stall 
and a nnmber of yotmg ticks, hatched artificially in glass dishes, had 
been placed on this animal at intervals, beginning August 14, in order 
to determine whether ticks In the capacity of blood-snekiQg parasites 
made any impression on the number of blood corpuscles. It was found 
by a periodical estimation of the number of red corpuscles that after a 
certain time this number fell so quickly and so markedly as to be 
wholly incommensurate with the small amount of blood abstracted by 
the ticks. At the same time other symptoms of Texas fever appeared 
and the parasite was detected in the blood. 

The experiment was repeated on several other animala as soon as 
young ticks could be obtained. 

No. 140 (heifet, 2 j^ears old) kept ia a box stall on u neighboring fatm. The 
young ticks 3 to 4 dajB old were placed on it September 9. It was fonnd dead Ooto- 
ber2. Both blood examination during life and the autopsy demonstrated Texas fever. 

No. 137 (heifer, I year old) wae plaued iu field X, a wooded lot to which no in- 
fected cattle had been admitted, and ou September 9 young ticks were plaoed on it. 
It passed through a serere attack of Texas fever and was killed in a dying condi- 
tion November G. 

No. 144 (cow, 8 years old) was also kept in field X. The young tioks were placed 
on it September 17 and it was fouud dead October 3. In this case also the natuie of 
thediseaae was beyond qnestion.' 

Experiment 13 {production of Texas fever in the winter season by 
placing young ticks on cattle k^t in an artifieially-heated stable). — The 
result of experiment 12 was so important that it was deemed best to 
repeat it in an artificially-heated stable, as the season was too far 
advanced for ticks to thrive in the open air. The stable was warmed 
by means of a coal stove. The temperature fluctuat«d between 65° and 
80° F. A complete history of all the cases experimented on in this 
way is given in the appendix. 

The following animals were exposed and infected with young ticks: 
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Ttiis experiment demonstrates that Texas fvver may be produced at 
any seasoD of the year if ttie coiiditious are fairly lavorable ; if, in other 
words, the temperature of tlie air Is suflQciently elevated to permit the 
cattle tick to carry on itB parasitic existence. Of five presumably sns- 
ceptible animala infected with ticks three showed ■well-marked symp- 
toms of Texas fever, and the remaining two reacted with a high tem- 
perature for a few days. In these latter eases there may have been a 
reduction in the number of red corpuscles also, but we can not regard 
such reduction demonstrated until the number falls below 5,000,000, 
The temperatures taken twice a day will he found in the appendix, and 
we limit ourselves here to the following extracts: 

No. U3. Temperature 101 to KS.S on November 21 to 23, inclasivB. 

No. 145. Temperature 104 to 106 on December 4 and 5. 

No. 145. Temperatnre lOt to 105 from Jauuftrf 19 to 27. 

No. 149. Temperatnre KM to 105 on November 12, 1^, and 25. 

No. 117. Temperature 103.8 on November 26, and 103.4 oa December 16 and 17. 

No. 130. Temperature 104 to 106.4 from December 26 to January 1, and 103 to 104 
on January 9. 

No. 152. Temperature 103.8 to 106.3 on December 27 to 31. 
[n these canes the high temperature appeared generally in fifteen 
days after the first lot of young ticks had been put on the animal. In 
"So. 145 the period of marked destruction of red corpuscles was associ- 
ated with high fever. 

This experiment does not definitely prove that the progeny of ticks 
collected from susceptible Northern animals which have passed through 
the disease may produce as severe an attack as those descended from 
ticks picked directly from Southern animals. The positive result in 
No. 145, infected with "Northern" ticks, is vitiated by the fact that this 
animal was in the same stall with a Southern cow, No. 117. The severe 
secondary attack appeared in No. 145 in the middle of January. This 
would allow time for the ticks to mature on No. 117, and the next gen- 
eration to attack No. 145. Hence No. 145 may actually have received 
the severe secondary infection from "Southern" ticks, in so far as they 
were descended from those matured on No. 117. This interpretation 
may be wrong and the secondary infection in No. 14.'> may have been a 
true relapse resulting from the primary infection with "Northern" ticks. 
The experiment as it stands, however, can only be interpreted as show- 
ing that ticks produce welVmarked disease in artificially-heated stables 
in winter, and the other question, whether "Northern" ticks may do 
this, must be left open. 

iSwnnwrff of Ae experiment* oflSOO. 

The discovery of 1889 that ticks alone are sufiicient to infect a field 
was confirmed this year. The experiment designed to test the theory 
that Southern cattle are infectious only through the ticks they carry 
failed this year for the field became infected with ticks after all. 
Lastly, the demonstration of the important fact that the infection is 
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conveyed by the young tick, and is probably introduced by it into the 
blood, was a very great stride in advance In onr understanding of the 
external characters of the iafection. 

In field IX (see Fig. 6) several natives were exposed to North Caro- 
lina soO without becomiDg diseased. 

On the station grounds field Y (see Fig. 5} was infected with the blood 
and spleen pulp of cattle which had succumbed to Texas fever. The 
exposed natives did not become infected. 

In field IV (see Fig. 5) during this same year a number of sick natives 
were brought together and some healthy natives added. The latter 
had a mild attack late in the season, only detected by the microscopic 
examination of the blood. 

These three experiments will be folly discussed farther on, and we 
simply refer to them here to show that the animiUs not exposed under 
certain conditions did not become infected although pastured not iar 
ftom Texas-fever cases during the summer. 

EXPERIMBNTS OP 189L 

The arrangement of the fields for this year and the uses to which 
they were put are indicated on the accompanying plat. A tract of land 
adjoining the station grounds on the north was added to the territory 
in use. On this tract were situated a dwelling house and a number of 
unused sheds. For the purpose of carrying on the various experiments, 
cattle were collected near New Berne, N. C, as in previous years, and 
shipped by steamer from New Berne, June 30. They arrived at the 
station July 2, having been but two days on the way. 

Experiment 14 {expoatire to North Carolina cattle with ticka), — The 
general control experiment of producing the disease in the natural way 
was conducted, as before, by exposing natives to Southern animals on the 
same field. For this purpose iuclosure VI was again selected (see Fig. 
7). In this experiment not only unexposed natives but also recov- 
ered natives were reexposed to test any acquired immunity (p. 133). 
Similarly Southern animals, kept for one or two years on the station, 
were reexposed to determine any loss of immunity (p. 131). These 
collateral experiments will be discussed in dealing with these subjects, 
In this place we simply summarize the results of the exposure of firesh 
natives. 

The animals placed in this field comprised the following: 

(a) North Carolina cattle:' 

July «— No. 173 (cow, 6 yeaM), from farm No. 6. 
Jintj «— No. m (cow, 3 years), from farm No. 5. 
July S— No. 177 (cow, 5 years), from larm No,-3. 
July «— No. 178 (cow, 1 yeara), from farm No. 2. 
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(J) Natives: 

July S — No. lOi (cow, 4 years). Very sick; recovered. 

July 4— No, 159 (heifer, 2 years). Not very sick; recovered, 

JiUy «— No. 163 (cow, 6 years). Very eick; killed August 25. 

September 1 — No. 169 (cow, 8 yeftra). Died September 14. 

S^lember 1— No.181 {uaw,2iyearB). Killed in dying coudltiou SoplembeT 19. 

September 15—iio. 184 (heifer, 2 years). Died October 2, 

S^tember SI — No. 160 (cow, 31 years). Prolonged attack ; recovered. 

SepUmber SI— So. 187 (calf of No. 160, 4 mouths). Not affected. 

All animals excepting the calf were attacked by Texas fever. 'So. 
163 was killed at the height of the fever aud proliably would have 
died. The mortality among these aoimals was lower than in the pre- 
ceding year, the conditions being precisely the Siune. Among those 
exposed later on, the mortality was higher than among those exposed 
early. The ticks in this field had entirely disappeared from the Sonth- 
ern stock by the end of July. The young tiuks had appeared in con- 
siderable numbers on all the cattle August 10 and continued to increase 
in number during August on all cattle alike. They had all disap- 
peared by the last of October. 

Experiment 15 [expoture to North Carolina cattle without tic]cs). — 
The great importance of determining whether or not the ticks are the 
only carriers of the infection from the permanently infected regions of 
the South imposed npon us the necessity of trying this experiment 
until it could be stated with certainty that no ticks had passed from 
Southern to native cattle. The experiment of 1890 (Exp. 11) had failed 
because young ticks bad appeared on the natives in course of the sum- 
mer. For the repetition of this experiment the" hitherto unused in- 
closure XI (see Fig. 7j, covering over 2 a-cres, was chosen. The follow- 
iug North Carolina cattle were pat into it July 2, after the ticks had 
been carefully picked off: No. 173 {cow, 3 years), from fiirm 6; No. 175 
{cow, 4 years), from farm 5; No. 176 {cow, 6 years), from farm 3; No. 
179 {cow, 5 years), from farm 2. 

The following natives were added at the same time: No. 161 (cow, 6 
years); No, 164 (cow, 7 years); No. 167 (heifer, 3 years). 

The Southern animals were reexamined daily and a few small ticks 
found each day until July 22, Thereafter very few were fonud aud 
after July 29 none. Nevertheless a few adults must have escaped 
and dropped on the ground, for young ticks made their appearance, 
though in small numbers, in Augnst. From August 22 to September 
3 several hundred were removed from the three natives. No. 164 was 
most abnndantly infected. Next came 167 in this respect. No. 164 
suffered a severe attack and was found dead September 3, No. 167 
likewise passed through a severe attack, but recovered, while in No. 161 
signs of infection were not detected, as will be seen by an examination 
of the notes in the appendix. The severity of the disease was thus in 
general proportional to the number of ticks found on these animals. 
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^Experiment 16 (production of disease with young ticks hatched arti- 
ficially). — This is ft repetition of experimeuts 12 and 13 of last year, but 
is made mn€li earlier in the Bummer. A lar);e numbet of adult ticks 
were collected June 25-27 from cattle near New Berne, N. 0. An abun- 
dance of eggs had been laid by July 7, which were placed in glass 
dishes containing a few fresh leaves and a few drops of wat^r and 
covered snugly with a piece of glass. The young ticks began to ap- 
pear July 23. 

July 25, Nob. 166 and 180, both 2-year old heifers, were placed in 
field I (see Fig. 7). To the rnmp and neck young ticks were apphed 
daily for 10 days nntii August 4. No, 166 received fix>m 200 to 300 
daily, No. 180 only 20 to 30 daily. After each application the heifers 
were held quiet for a few minutes until the young ticks had crawled 
away through the hairs. 

July 29, No. 16S, a 2-year old steer, was placed on the same field and 
eev^al thousand ticks from the same lot applied at one time. 

August 20, No. 117, a North Carolina heifer of 1890, was placed in the 
same inclosure and several thousand ticks of the same lot applied at 
one time. 

The following table summarizes the experiment. The full notes of 
each case are reserved for the appendix. 
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In all natives a marked case of Texas fever was produced, which 
proved fatal in that animal to which the smallest number of youog ticks 
had been applied. It is also interesting to note that in this experi- 
ment Texas fever appeared much earlier than in field VI (experiment 
14), when the infection took its natural course. Thus in the latter 
field the disease was observed first August 18, while among the artifi- 
clfdly infected it appeared as early as August 7. 

EXPERIMENTB or 1892. 



The field work of this year was mainly directed towards determining 
whether or not Texas fever is transmitted without ticks. The experi- 
ments of the two preceding years had tailed, because young ticks 
appeared on the native cattle though they had been very carefully 
removed from the Southern animals. This year the experiment was 
tried over again, and with entire success. The young ticks did not 
appear on the native cattle, and the latter remained free from disease in 
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Spite of the presence of North Carolina cattle. Another very impor- 
tant fact was demonstrated. Texas fever was produced in natives by 
the intravenous injection of blooH from healthy North Carolina cattle, 
and natives exposed to these sick natives did not contract the disease 
because ticks were absent. 

The Soatheru animals used in the field work of the summer were six 
in nnmber, gathered together from two farms near New Berne, N. C, 
three being taken flx)m each farm. They left New Berne by steamer 
June 29, and reached the station July 1, being off their native fields 
about four days before they were placed in the fields at the station. 

The field inclosnres for this year are numbered as they were last year. 
Hence the plat of 1891 (Pig. 7) will serve to illustrate the experiments 
to be described. 

Ej^eriment 17 [exposure to North Carolina cattle with ticks). — ^Tbis 
experiment was to serve as a control upon the following experiments. 
Field VI was again used for this purpose. Two Southern animals, 
one from each North Carolina farm, were introduced as sources of the 
infection. The contents of the field and the general results of the ex- 
posure may be tabulated as follows: 

JvMeSO, 1S9S. — No. 201 (cow, 5 years). Bemoved to nuinfected field July 20; 

not diseaeed. 
JuM SO, 1892.— fin. 203 (cow, 6 jeare). Died of Texas fevor Aagust 22, 
J«J» 1, 189S.—'So. 216 (North Carolina cow, 6 yeara). 
Julg 1, W9«.— No. 217 (NoTth Carolina cow, G yeari). 
July £0, 189i, — Ho. 220 (ateer, 21- years). Very siok; recovered. 
July SO, J59g.— No. 223 (lieifer, 6 years). Died of Teias fever August 23. 
Augtul S6, 1891.— So. 204 (bnli, 2i yeara). Very aick ; recovered. 

On July 20 only a few half grown ticks were found on the Southern 
cows. On August 6 the young ticks were first noticed on the natives; 
at this time they had probably been on the cattle only two or three 
days. The outcome of the exposure does not differ from that of pre- 
ceding summers. All exposed animals contracted Texas fever, and two 
of the three early exposures died. 

It is interesting to note that No. 201, though it was pastured on the 
infected field for twenty days, remained perfectly healthy, because it 
was removed to an unused field (IV) be/ore tke young ticks had appeared 
m the infected field. It is likewise worthy of notice that No. 223, though 
exposed twenty days later than No. 203, became infected at about the 
same time and died only a single day later. The reason for this has 
already been pointed out, but it deserves repetition. The infection of 
the field is established when the young ticks have hatched, and not 
befbre. Hence a field is not dangerous until twenty or twenty-five 
days (according to the average temperature) after Southern cattle have 
pastured on it. 

Experiment 18 {ficsposure to North Carolina cattle without tichu). — 
Field I (see Fig. 7) was need for this test. Two North Cai-olina cows 
(Nos. 212 and 213), one from each farm, were chosen, so as to make the 
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conditions aa nearly like those in the control field as possible, and the 
ticks carefully picked off before they vere placed in this field. They 
were sabsequently examined daily, a^ will be seen from the notes in 
the appendix under each case, for any ticks too small to be seen 
ori^ally. Two native cows (Nos, 208 and 209) were placed in the 
indosnre with them. These remained perfectly well throaghoat the 
sammer. 

Experiment t9 (exposure to l^ortk Carolina cattle without ticks). — ^Tliis 
is an exact duplicate of the preceding experiment, to insure the suc- 
cess of one in case the other failed, by reason of the appearance of 
young ticks. Two North Carolina animals (Sos. 214 and 215), one 
from each farm, wei-e carefully picked over and all ticks removed so 
far as they conM be detected. They were placed in field No. U, July 2. 
Two native cows (Nos. 205 and 210) had been placed in the same field 
two days before. The Southern animals were carefliUy reexamined for 
ticks, as in the experiment preceding, for several weeks. In this field 
no disease appeared during the entire summer. The results of the 
examination of the blood of these cases at dififerent intervals are to be 
found in the appendix. 
The cases in these fields may be tabulated as follows: 
Field I. 

July f — No. 212 (North Carolina cow, 3 years). 

July «— No. 213 (North Carolina cow, 5 years). 

Jnve 30— No. 208 (cow, 6 years). Expoanie negative (October 1). 

June 30 — No. 209 (cow, 9 years), Exposure negative (October 1). 

July «— No. 214 (Nortb Carolina cow, 4 yean). 

July t—tlo. 215 (North Carolina cow, 4 yean). 

June SO — No. 206 (cow, 5 years.) Exposure negative (October 1). 

JuueSO—lSo. 210 (heifer, 2 yean.) Exposure negative (October 1). 



lOSCELLANXOUS E 

Experiment 30 {to test infection hy way of ihe digestive tract). — No. 131, 
a heifer, 2 years old, was placed in a box stall July 29, 1890, and fed at 
three intervals about 2,000 adult live ticks in all. The animal re- 
mained well. No blood examinations were made. 

No. 110, a heifer, one year old, was placed in a box stall August 14, 
1890, and fed several thousand young ticks and egg cases. The result 
was to all appearances negative. Unfortunately the blood was not ex- 
amined. 

No. 145, a heifer, 18 months old, was placed in a box stall September 
17, 1890, and fed ouce daily with one-fourth bushel of grass cut from 
the infected field VI together with hay and mill-feed. The experiment 
was closed October 12. No indications of disease during the feeding or 
until November 21, when it was used in another experiment (see ap- 
pendix). 
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Experiment 31 {to test presence of infection in young ticks). — August 
29, 1891, a large number of young ticks nearly 1^ months old, and still 
confined in tlic glass disli in which they were hatched, were crushed 
iu a mortar in sterile distilled water. The turbid brownish liquid was 
filtered through two thicknesses of filter paper. A portion of this 
filtrate was passed through a Pasteur filter to remove organisms of 
every kind. 

No. 165 (heifer, 2J years) receives into the right jugular vein 10 cubic 
centimeters of the fluid passed through the Pasteur filter. 

No. 183 (lieifer, 2^ years) receives into the right jugular vein 5 cubic 
centimeters of the turbid fluid not passed through a Pasteur filter. Re- 
peated examination of the blood in both cases failed to show any dis- 
ease. 

In 1892 a similar experiment was tried with equally negative out- 
come. Nos. 202 and 207 were used for this purpose and their history 
together with the blood examinations may be found in the appendix. 

The result of these two experiments is at present inexplicable. The 
crushed ticks introduced into the blood foil to produce any infection 
whatever, while ticks from the same lots when placed on the skin (see 
No. 221) produce Texas fever. The experiment simply demonstrates 
our incomplete knowledge of the life history of this parasite. 



We are now in a position to review the results of the field work of 
the past four summers and determine how fiir they enable us to draw 
definite conclusions. In addition to the general control experiments 
(Experiments No. 1, 3, 4, 8, 9, 14, and 17) by which Texas fever was pro- 
duced in the natural way iu natives which pastured on the same ground 
with Southern (North Carolina and Texas) cattle, experiments have 
been carried on In the three directions outlined on p. 92. 

(1) Experiments with Southern cattle from which the ticks were 
picked off were made every year. (Experiments No. 2, 5, 11, 15, 18, 
and 19.) Those made in 1889 and 1892 were successM. Those made 
in 1890 and 1891 failed because young ticks appeared subsequently. 
The conclusion from these experiments that the tick is necessary to 
cause infection in Northern cattle may be regarded as demonstrated. 

(2) Experiments to show that fields may be infected by cattle-ticks 
alone were made in 1889 and 1890. (Experiments No. 6, 10.) In both 
Texas fever was produced, 

(3) Experiments to show that young ticks artificially hatched produce 
Texas fever when placed on susceptible cattle were made in 1890, 1891, 
and 1892. (Experiments No. 12, 13, 16, and Nos. 224 and 225.) These 
were uniformly successful in the summer and foil months. 

It was observed, however, that the disease induced by such ticks is 

less fatal than that produced in the fields in the natural way. We are 

10320— No. 1 8 , - , 
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not prepared to account for this differeuce, unless it be the mode of in- 
cubation. The artificial coudition of heat and moisture under 'which 
the eggs are kept may lead to a speedy destruction of the micro- 
parasites which are in some unknown way associated with them. 

THE RELATION OP THE CATTLE TICK TO THE "PERIOD OF INOU- 
BATIOM" op TEXAS PETER AND TO THE INPECTIOUSNESS OF 
SOUTHERN CATTLE. 

In the foregoing experiment everything points to the cattle tick as 
the natural transmitter of the disease. It has been definitely demon- 
strated by our experiments that not only fields may be infected by 
simply scattering matured ticks over them, but that cattle themselves 
may be infected in stables away from all infected ground by placingon 
them young ticks artificially hatched. 

We are now in a position to understand the peculiar variability in 
the period of incubation. We have seen from the experiments related 
that when native cattle are exposed to Southern cattle on a given field 
the period elapsing before the disease appears is generally over forty- 
five days, and the first deaths usually occur one or two weeks later, as 
is illustrated by the following table: 
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This long period coincides with the time necessary to produce a new 
generation of ticks. When Southern cattle graze on a certain pasture 
in early summer, say for a day only, a few ripe ticks drop off. They 
lay their eggs in about seven days. These are hatched in about twenty 
days and are at once ready to crawl on cattle. Ten days thereafter 
the first high temperature usually appears. If we add these figures 
together we find that the disease may appear about thiity-seven days 
after the field was infected.* To be sure these figures are liable to 
fluctuations, which may make this period much longer or perhaps a lit- 
tle shorter at times. 

When Southern cattle are placed on a certain field and kept there, 
as in our experiments, the field becomes much more abundantly in- 
fected with ticks, for the reason that all the ticks in their various stages 
ripen and fall on the same ground. Hence there is a continuous infec- 



* In 1890 the Texaa-fever parasite w 
after the first day of field mfeotiou. 



I first detected in the blood (No. 95) 34 days 
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tion of the field goiug on for several weeks, tiDtil all the ticks originally 
attached to the Southern cattle have disappeared. This may increase 
the severity of the disease. 

But how may we aecoont for the feet that cattle placed on infected 
pastures later may become diseased at the same time and may die in 
less than fifteen days after the first day of exposure! Simply by tak- 
ing into account the feet that cattle exposed late are at once attacked 
by the young ticks already present on the field. Hence, if we allow 
ten days for the fever to appear after the ticks have crawled on the 
cattle the mystery is at once explained. 

The explanation of unusually prolonged periods of Incnbation is 
equally simple. They are associated with very early importations of 
cattle and the low temperature retards the development of the yoong 
in the egg. We have already shown that this development may be 
greatly retarded by cold, and we have observed periods of incubation 
ranging from twenty to forty -five days and have kept eggs over winter 
which developed when the temperature became warm enough the fol- 
lowing spring.^ 

Billings has compiled a table (8, p. 47) embracing ten outbreaks of 
Texas fever which have occurred in various Western States since 1868. 
The period elapsing from the date of exposure to that of the first death 
ranges from thirty-three to ninety days. Leaving out of account these 
two extreme periods, the remaining ones range between forty-six and 
sixty-five days. The short period of thirty-three days is probably due 
to the fact that the native cattle were exposed on a field which had 
been infected some time before and on which the tick eggs had con< 
sequently undergone more or less development. This is made highly 
probable by putting this outbreak with the one after it in the table. 

(6) Tolono, lU., Jiijie25, 1868 (date of arrival of Texansj J lUy 28 (first death). 

Period 33 days. 

(7) godorus, 111., June 1, 1868 (date of arrival of T«xanB} July 28 (first death). 

Period 56 daya. 

Tolono and Sodorus are on the same railroad and bnt 6 miles apart. 
The Sodorus fields were infected June 1 and the period of incnbation is 
fifty-six days, the usual time. The Tolono fields were most likely in- 
fected at the same time, since the first death occurred at both places 
on the same day. That they were not also infected twenty-five days 
later we do not pretend to gainsay. At this time of the year, i. e., June 
and July, the period of thirty-three days is somewhat short for the ap- 
pearance of a new generation of ticks, and the explanation given will 
clear np this difBcnlty. Billings has famished a very good illastra> 
tion {8, p. 47) of the prolongation of the period between infection of 
pastures and the appearance of the disease in an outbreak at Teka- 
mah, ITebr., studied by him in 1887. The Tezans infected the field 
as early as April 1 or thereabouts, bnt the disease did not appear until 
ninety days thereafter. 

• See p. 90. r^- i 
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There is general unaDimity on this point, that a long period elap»eB 
between the date of infection of a given pasture and the appearance of 
the disease, so that further illnstrations maybe dispensed with. In 
searcbiDg over all the various publications on this subject we have not 
yet encountered any authentic statement which gave dates to support 
its claims that Texas fevei ever appeared on a field within thirty days 
of the time that it was entered by tick-bearing cattle. If there are any 
sach outbreaks, they may have been produced either by ticks winter- 
ing over in the egg or by an infection of the field earlier than that 
actually noted. It is not improbable that Southern animals may acci- 
dentally carry some eggs of ticks nearly hatched on their feet or other 
parts of their body. In such a case disease migbt appear several 
weeks earlier. The same would be true if ticks which have once at- 
tached themselves.to cattle may, after being accidentally torn or brushed 
off, crawl upon natives, provided they are still infectious. 

The relation of young ticks to Texas fever explains why natives placed 
in an infected inolosare at various intervals before the appearance of the 
young ticks will all contract the disease at the same time. They may 
mingle with Jresklg arrived Southern stock for twenty or twenty-five 
days before becoming infected. If removed at the end of this period 
before the appearance of young ticks they remain healthy. (See Expt. 
17, page 111.) We now understand why natives placed on an infected 
field after the young ticks have appeared will contract Texas fever in 
ten to fifteen days. The life history of the tick likewise explains the fre- 
quently observed fbct that Southern cattlelose the power of infecting 
Northern paetnres after a certain number of days. We have already stated 
that the ticks on Southern cattle gradually disappear as they become 
matured. It is evident that when all have dropped off, the power of the 
cattle to infect fields Is lost. It is possible to give the exact period 
of time reqoired, provided we know the time whi<;h has elapsed since 
Southern cattle left their pastures, where they are being continually in- 
fected with young ticks. On the station pastures the time required for 
all tJie ticks to disappear was twenty-live to thirty days. Very soon 
thereafter the young ticks, descended frvm the ticks which matured 
first, appeared on all cattle, and the Southern animals again became in- 
fections. The maturation of the second generation may push the period 
of disease into the f^U and thereby rob it of its fatality. 

We now likewise understand how cattle diiven slowly northward 
lose their infection after a time. As soon as they have left the terri- 
tory where ticks abound they receive no more accessions of young 
ticks and they are continually dropping mature ones. After twenty-five 
to thirty days, or perhaps sooner, they have parted with all and are 
henceforth harmless to Northern stock. 

Let us now review briefly what occurs when Southern tick-bearing 
cattle are placed on the same iuclosure with natives. If the animals 
be brought together early in July, as in our experiments, nothing uu- 
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asaal will be ooticod for weeks, TUe ticks on theSouthern auiinals slowly 
mature, swell up, aud diop oft^ one by one, ao that after tliree or four 
weeks all have practically disap])eared. If during the second week in 
August the cattle be oiirefully examined, young ticks will be found, at- 
tached to the skin and buried within the coat of hair. They may be 
overlooked if the examination is superficial and hasty. A week later, 
generally in the third week in August, the temperatures of all exposed 
native cattle suddenly rise to 105° or 107° F. within a few days of one 
another. The ticks at this time are still quite small, and have not yet 
passed through the second molt. Even at tlie post-mortem examina- 
tion of many eases only small, immature ticks are found. If the na- 
tives survive the attack, the ticks mature, swell np, and drop off, 
ready to give birth to a second generation if the season permits. 

THE BGLATION I 



The hypothesis which seemed most plausible after the experiments 
of 1889 was that the tick, while withdrawing the blood ft^m Southern 
cattle, drew out in it the Texas-fever parasite, which, entering into 
some more resistant state, perhaps some spore state, was disseminated 
over the pastures when the body of the mother tick became dis- 
integrated. These spores were then supposed to enter the alimentary 
tract with the food and infect the body from this direction. The later 
experiments, however, completely demolished this conception. Neither 
the feeding of adult ticks and tick eggs' nor the feeding of grass* from 
infected pastures gave any positive results. On the other hand, the 
unmistakable outcome of the experiments was that the young tick in- 
troduced the infection into the body. This fact implies two, possibili- 
ties. Either the tick is a necessary or a merely accidental bearer of 
the micro-parasite. If a necessary bearer of the infection, we must as- 
sume that the latt«t undergoes certain migrations and perhaps certain 
changes of state in the body of the adult tick and finally becomes 
lodged in the oviun. Subaequently it may become localized in certain 
glands of the young tick and discharge thence into the blood of cattle. 
Thishypothesis assumes a complex symbiosis between the tick and the 
parasite on the one hand and the cattle and the tick on the other. Ac- 
cording to another, simpler hypothesis the tick woald be merely an ac- 
cidental bearer of the infection. The parasit« entering the body of the 
tick with the blood of cattle may be already in the spore state or 
about to enter upon such a state. The young ticks, as they are hatched 
near the dead body of the female, may become Infected from this. This 
infection, clinging to their mouth parts, is introduced into the blood 
of the cattle to which they subsequently attach themselves. Further 
investigations are necessary before the probable truth of one or the 



* See page 112. 
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other of these hypotheses can be predieateil with any degree of cer- 
tainty. 

It should be stated that the contents of the bodies of ticks in various 
stages of growth have been examined microscopically with considera- 
ble care. The abundant particles resulting from the breaking up of 
the ingested blood corpuscles obscured the search so that nothing defi- 
nite haa thus far resulted from it. The very minute size of the ipicro- 
drganism renders its identification well-nigh impossible, and any at- 
tempts will be fraught with great difficulties. 

A question of much interest, but one upon which we have no informa- 
tioa, is the relation of the cattle tick to the enzootic Texas fever area. 
Is the distribution of the tick coextensive with that of the Texas fever 
micro-parasite, or does their distribution obey different lawst This 
questioQ could be solved by a thorough investigation of a small portion 
of the border line of the enzootic territory. This border line probably 
depends on the mean annual temperature, and hence we can not expect 
to find it very sharply defined. Ticks may extend &rther north during 
some seasons than others, and hence there may be a belt or strip on 
which cattle are partially insusceptible because of former repeated 
attacks, although for the time being ticks may be absent. The entire 
subject is at present speculative, and is simply referred to here to arouse 
the attention of those who are in a position to record observations 
concerning it. 



What has already been said concerning the tick makes it certain that 
all Southern cattleare dangerous when they bear the cattle tick, whether 
they are sick or healthy. On the experiment-station fields, the ifforth 
Carolina and Texan cattle which called forth Texas fever during the 
four years of the investigation were,in general, healthy. Two cows (Nos. 
63 and 112) were killed. One of these had impoverished blood, although 
poaitive signs of Texas fever were not detected. Another died of peri- 
tonitis. The remainder were healthy, improved on the pastures, and 
were sold at the beginning of winter or brfora 

In the fiiregoing pages it has been assumed that the tick obtains the 
micro-parasite from Southern cattle. Without demonstration it might 
be claimed with equal propriety that the micro parasite belongs essen- 
tially to the cattle tick, and that ite multiplication in the body of sus- 
ceptible cattle is perhaps an accidental phenomenon against which 
Bonthem cattle have been amply protected by frequent infection. Ex- 
perimente made latterly, as well as the microscopic examination of the 
blood, prove that the micro-parasite is harbored by Southern cattle in 
a state of health. These interesting experiments, as far as they have 
been carried up to the present, are briefiy summarized here. The com- 
plete record will be fbnnd in the appendix under each case. 
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Inoculation with blood of healthy A'orth Carolina eows goon after the 
latter had left tke Southern pasture.' — On July 6, 1892, a oative cow, 
No. 198, received into a jugular vein 28 cc. of blood drawn from a 
jugular vein of a North Carolina cow, No. 217. The quantity of blood 
injected was laige, because it was supposed that if the microorganisms 
were present at all in the Soutliern cattle they would be very scarce. 
Tlie blood was drawn from the Southern cow by piercing the wall of 
the vein with the needle of a previously sterilized and warmed hypo- 
dermic syringe holding 14 cc., and iujected immediately after into the 
exposed jugular of the native cow by simply piercing the wall of the 
vein. The entire operation lasted about two minutes. The high tem- 
perature became continuous on the seventh day after inoculation, and 
the number of red blood corpuscles had begun to fall on this same 
day. The various symptoms of Texas fever became gradually intensi- 
fied, and the animal died July 19, thirteen days after inoculation. On 
the day before death the urine was claret-colored. The autopsy re- 
vealed the usual lesions of Texas fever. 

On the same day No. 206, another native cow, was inoculated in the 
same way with blood drawn flrom a jugular vein of North Carolina cow 
No. 216. The same quantity, 28 cc., was injected as before, 14 cc. 
being iujected at a time. The high temperature and the destruction 
of red blood corpuscles set in at the same time with those of the pre- 
ceding case. This animal did not die, however. After passing through 
aproloDged fever period the animal slowly recovered, to suffer a relapse, 
which kept the number of red corpuscles below 2,000,000 during the 
whole of Heptember. 

On July 16, ten days after the preceding inoculations, a third cow, 
No. 219, received the same quantity of blood into a jugular vein. The 
blood was drawn &om North Carohiia cow No, 216. The continuous 
high temperature began Jidy 24, at which date the destruction of cor- 
puscles had set in. The further history of this case is very similar to 
that of the preceding, No. 206. The blood corpuscles continued to de- 
crease in number until A ugust 6. After this there was a slow rise. At 
the end of August a relapse was detected, which contluued throughout 
September. 

Inoculation with blood of healthy North Carolina cattle sometime after 
the latter had left the Southern pasture, — On August 15, a steer, No. 222, 
received 28 cc. of blood drawn from North Caroliua cow No, 214. The 
same procedure as above was adopted. The disease had become estab- 
lished by August 25, as is shown by the high temperature and the marked 
reduction in the number of red corpuscles on this day. The move- 
ment of the disease was markedly slower, so far as this latter phenomenon 
is concerned. In the middle of September a relapse was detected, which 
was still in progress at the beginning of the second week in October. 

* For the examination of the blood of the Southern cattle see appendix imdar 6acli 
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Oil September 9, a cow, No. 230, received the same quantity of blood 
from Ko, 214 into a jugular veiu. In this oaae the first high tempera- 
ture appeared September 14, and by October 1 the number of red cor- 
puscles had fallen to 2.2 million. 

These poaitlve results demonstrate that the Texas ferer microorgan- 
ism vas present in the blood of North Carolina cattle as long as seventy- 
four days after they had left the permanently infected territory. One 
cow, Ko. 217, was tested once on the ninth day; another, No. 216, was 
t«Bted on the ninth and the twentieth day; a third was tested on the 
forty-ninth and the seventy-fourth day. That the microorganism wa« the 
one found in natives infected in the ordinary way on pastures was dem- 
onstrated in every one of the five cases by a large number of micro- 
scopic esaminations. No difference whatever could be detected. More- 
over, threeont of the five inoculated cases passed through relapses or mild 
secondary attacks, in which the stage of the peripheral coccus-like body 
appeared constantly intheblood, as in the ordinary mild type of the dis- 
ease. There can be no doubt, therefore, that the micro-parasite trans- 
mitted in the blood of Southern cattle was the sameas theone introduced 
into the blood of natives by the cattle tick. 

It might be claimed that the Southern cattle harbored this micro- 
parasite because they are being constantly reinfected by the cattle tick. 
This might be true of Jfos. 216 and 217, but it does not hold for No. 214. 
This animal was one of the four from which the ticks had been carefully 
picked in July, so that at the date of the last inoculation with blood 
from this animal it must have been entirely free from ticks for at least 
fifty days, and it had received no fresh accession of ticks since leaving 
its native pasture, June 27 (seventy-four days), 

Whether the Texas fever parasite resides permanently in the bodies 
of Southern cattle or whether its presence, after all, depends on that of 
the cattle tick, these experimeut« do not permit us to decide definitely 
at present.* From an economic standpoint this is of little importance, 
since in many parts of the j)ermanently infected territory of the South 
ticks are present during the entire year. 

The presence of the parasite in Southern cattle does not seem to ma- 
terially affect their health, although it may maintain a more or less con- 
stant breaking up of the red corpuscles on a small scale, which would 
necessarily tax certain vital organs. The parasite is present in the cir- 
culating blood in such small numbers, however, that only after a most 

* The prodnction of dieeaHe in 1891 by ticks which wintered over on one of the 
fields of the station would at first sight suggest the intereuce that the (tattle tick 
earned the parasite through the winter in theegg. (See p. 90 uiid No. 154.) This 
does not follow from the citcumstauces, howerer, for there were in the same iuclosare 
Southern cattle which had been keptovei one or two years for purposes of re exposure. 
Ticks hatched in spring may have invaded all the cattle in the incloenre, matured 
and dropped oflj and given rise to another generation, wbioh produced the disease 
late in August. This second generation may have obtained the mioio-paiaaite Ectuu 
tlie Southern cattle. 
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tedious microseupic examiuation in it occasiunafly eiiconnteied. Tlie 
fact that Southeru cattle rid themselveB of infectious properties on 
Northeru pastares after twenty-five to thirty days does not, therefore, 
imply that their blood is do longer infectious. It simply signifies that 
they have rid themselves of the means by which this parasite is trans- 
mitted, namely, the cattle tick. 

In this connectioB the reader may he referred to the various Sooth- 
eru animals whose blood was examined at one time or another dnring 
these investigations. Thus, in the Appendix, estimates will be found of 
the number of red blood corpuscles of Nos. 121, 123, 124, 126, 216, and 
217, obtained at intervals after their removal ftom southern pastures 
varying from two to ten weeks. The number was, in general, fully up 
to the level maintained by the natives used in the experimenta. There 
are, also, records of a few southern animals kept on the station grounds 
for longer periods, and subsequently exposed to Texas fever infection 
fresh from the Soath. Thus, No. 117 exposed, in winter, five months 
after arrival irom the Soath, Sos. 32, 62, and 59 exposed one year 
thereafter, and Koa. 55 and 60 two years thereafter, show the normal 
number of red corpuscles. 

The discussion which has raged so persistently about the health of 
Southern cattle has outlived its usefulness or suggestiveness, for it 
does not matter in what condition they are. 9o far as our evidence 
goes — and this is very strong — they are quite harmless, provided they 
do not carry the cattle tick. Hence there is no uecessity for going 
into a review of the statements of Gamgee, the Metropolitan Board, 
and of F. 8. Billings on this point. It is not claimed that Southern 
cattle may not and do not contract Texas fever. It is highly probable 
that every Southern calf has to go through the process of natural inoc- 
ulation and reinOGUlation to a greater or less extent, and we have the 
records of several calves of Southern parents (Nos. 86 and 87) which 
passed throngh a mild form of the disease. It is likewise probable that 
a certain percentage of Southern animals which have not been suffi- 
ciently exposed while young may contract Texas fever in adult life 
under abnormal conditions. It is not impossible that under the in- 
fluence of prolonged marches, crowding in oattle cars and on vessels, 
with insufBcieut air and food, the natural resistance of the body may 
break down and the mild or unobserved infection break out into an 
acute disease. These are possibilities as yet unproved, but they are 
by no means ignored when we state that Southern cattle, to all appear- 
ances healthy, do transmit Texas fever, and it is not necessary that 
they have any symptoms of disease, recognii^able by clinical methods, 
to make them dangerous. We do not now wish to enter into any phi- 
losophical discussion as to what constitutes disease. From a practical 
economic standpoint we must maintain that Southern cattle may be 
healthy and yet be the cause of Texas fever. 

The various hypotheses which observers have framed concemiag the 
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infectious character of the excreta of cattle, the saliva hypothesis of 
DetDiers, the manure hypothesis of Billings, or the uriue hypothesis of 
others must now be considered as unfounded so far as these excreta are 
claimed to be the direct source of the disease, since the excreta of 
Southern cattle on Northern fields can not produce Texaa fever. In 
those experiments (p. Ill) which demonstrate that Southern cattle may 
pasture with susceptible Northern cattle throughout the summer with- 
out imparting disease, provided all ticks be removed, we have all 
the necessary proof for refuting these hypotheses, since the excreta and 
secretions of all kinds are left on the field. The only object missing 
is the cattle tick. 



SIOK NATIVES J 

This matter has called forth much discussion by scientific observers 
as well as by cattle-owners. It is a question of considerable importance 
to determine whether cattle which have contracted Texas fever in the 
ordinary way may transmit it to other natives coming in contact with 
them. That such transmission must be very rare is evident, otherwise 
there would have been no discussion and no divergent opinions. It is 
certainly a very curious fact that animals, which are affected with an 
infectious disease contracted indirectly through the presence of certain 
presumably healthy cattle, should not also transmit the same disease to 
other susceptible cattle. Theoretically, there is nothiug opposed to the 
view that sick natives may infect other natives, and we shall show that 
they actually do so; but the conditions under which this infection takes 
place are rarely realized, and hence very little disease due to natives 
comes under observation. The fact that the disease may be transmit- 
ted from sick to healthy natives directly by injections of blood into the 
veins does not help us in solving the problem before us, since the dis- 
ease is not conveyed in this way. If we turn, however, to the life his- 
tory of the tick we shall find the explanation sought. 

Sick natives have ticks on them. But only those which survive the 
disease or die after a prolonged attack ripen the tick on their bodies. 
Those which die of an acute attack in a short time after infection have 
only immature ticks on them. If the fever has occurred early enough 
in the season to permit a second generation of ticks to appear before 
the cold weather arrives, we may expect Texas fever on fields on which 
sick natives only have pastured. Usually the first outbreak occurs in 
August, and the second, to be looked for in late September or early 
October, is so raild as to pass unobserved. It^ however, the first out- 
break occurs in July, the second may appear in September and perhaps 
be of greater viiuleuce. 
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In order to test this problem the following experiment was carried 
out: 

In 18EH) Field IV (see Pig, 5, p. 99) was set aside to be infected with 
sick natives only. The following sick animals were introduced: 

Atu/ugtBl. — No. 49 andoalf No. 85espoae,d iu Field VI ainoeJiil;4; elevatedtem- 
peratnre BincB August 19, 

AvgudtSI. — No. 105, exposed ia Field VUI (ticks only) July 4; elovatedtemperft- 
tnre smce AugiiBt 13. 

September S. — No. 60, exposed in Field VI July 4; elovsted temperature einoe Au- 
gust 27. 

September 5. — No 47, exposed in Field VIII (ticks only) Angnat 21 ; elevated tempera- 
ture eince September 1. 

S^ivmber 8. — No. 135, exposed in Field VIII (ticks only) Angost 21; elevated tern- 
peratnre since Aagust 30. 

From the notes of the appendix it will be seen that all these cases 
excepting the calf went through a severe attack of Texas fever, to 
which No. 47 and No. 60 snccambed. The field was therefore infected, 
so far as this was possible, by sick natives. 

In this field were placed two natives (Nos, 132, 133) on August 21. 
These animals passed through a mild bat undoubted attack of Texas 
fever. In both, blood parasites were observed early in October, and 
the number of red corpuscles shows evidence of infection after the 
middle of September. Though this experiment is suiBcient to demon- 
strate the ability of sick natives to infect pastures, a much more obvi- 
ous and striking result might be obtained by an early infection of the 
fields.* 

There are several instances reported of the transmission of disease 
by sick natives. The Metropolitan Board of New York City reported 
an outbreak of Texas fever among cattle at Hamptonburg, Orange 
County, N. T. (1, p. 954), due to the importation of native cows from 
Painesville, Ohio, on the Lake Shore Eailroad, over which a large num- 
ber of Texas cattle had been passing. The disease, supposed to have 
been introduced by the Ohio natives, broke out in October, 18G8, and 
deaths occurred as late as October 24 and 27. The cows brought from 
Ohio were received August 25, and deaths occurred among them on 
that day and up to September 10. It is also stated that several native 
cows died of Texas fever fourteen, sixteen, and nineteen days after ex- 
posure te these infected natives. This last statement is open to ques- 
tion, for if our deductions bb correct and the general experience of those 
who have observed Texas fever be trustworthy, it would take from one 
and a half to two months for such infection to take place. 

A very good illustration of the infecting power of diseased natives 
is that given by F. S. Billings (8, p. 41). According to his state- 
ment 1,100 Texan cattle reached Tekamah, Nebr., March 30-31, 1887. 

* A similar experiment (p. 105) in the artlGoially heated stable with the progeny 
of tioks uMtnied on Bick natives is not ooncluaiTe on tlda point. 
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Twenty-one native w>w« put into one of th« iul'ec-ted i>a»tureis May 1 
began to die early in July. On June 19, twenty-four native steers 
broke into a pasture infected April 1-15 by the Texan cattle. Tliey 
were returned uext day to a pasture containing 114 natives. The 
twenty -four steers began to show signs of disease July 9, aud only two 
recovered. Curiously enough Texas fever broke out among the 114 
natives, and several were found dead September 21, These circuin- 
stancea are all perfectly intelligible, if we apply the facts which we 
have worked out concerning the life history of the cattle tick and its 
relation to Texas fever. It is to be regretted that Billings did not make 
any observations on the ticks present on the infected cattle. 

We will take it for granted that the Texan cattle brought cattle ticks 
with them, aud that ripe females dropped on the pastures about Teka- 
mah, Nebr., from April 1 to April 15, We have received such from 
North Carolina in midwint«r which, confined in a paper bos in the lab- 
oratory, promptly laid a large d umber of eggs. It might be claimed that 
at this date the low temperature would destroy the ticks entirely. It 
is true that low temperatures Interfere with the growth of ticks on cat- 
tle and with the development of the young tick in the egg, but the em- 
bryo is not destroyed and simply lies doi-mant until the warmer season 
approaches. Thus on the experiment station ticks (probably in the 
egg) actually wintered over on a wooded pasture in 1890-'91. We 
are indebted to the Weather Bureau for the daily maximum and mini- 
mum temperature of De Soto, Nebr., about 25 miles south of Teka- 
mah, from March 30 to May 15, 1887. From this table we learn that 
the thermometer fell at night below 32° F. only seven times after March 
30, and that on April 8 the maximum temperature was 92^^ F. There 
was nothing in the weather, therefore, to prevent the riiw ticks laying 
their eggs. The young ticks probably did not hatch before the middle of 
June, because the twenty-one native cows which were put on an infected 
pasture did not begin to die until early in July. The twenty-four steers 
which broke into an infected pasture June 19 began to show signs of 
disease at about the same time (July 9), This abort period of twenty 
days indicates that the ticks were probably just hatched when these 
steers broke in. 

The time of infection of the large lot of natives by these steers may 
be easily calculated. They returned from the infected pastures June 20 
with young ticks on them. If we allow twenty to twenty-flve days for 
maturing, seven to ten days for egg-laying, twenty days for hatching, 
ten to fifteen days for the appearance of the fever, and seven to four- 
teen days for the fli'st fatal ease, we have in all sixty- four to eighty-four 
days fi-om June 20 for the first death among the natives infected by na- 
tives. This could bring ns to August 2.'! or September 12 as the proba- 
ble date of the appearance of the disease originating from ticks which 
matured on native cattle. The actual date was September 21. Or we 
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may calculate it in auotlier way. When Southern cattle infect the 
ground by simply passing over it, they do so by dropping ripe ticks ready 
to lay their eggs. Iti such a case we uaually find a period of fifty-five 
to sixty days elapse before the first death. In the case before us the 
twenty-four steers which broke into the infected pasture June 19 brought 
only young ticks with them. Hence to the usual period of fifty-five to 
sixty days we mast add twenty to twenty-five days to allow the ticks 
on the native steers to ripen. This would make the period seventy-five 
to eighty-five days and the first death might occur between September 
3 and September 13, provided the case were acute and rapidly fatal, as 
is the case in midsummer. 

The mortality of such secondary outbreaks due to sick natives is prob- 
ably very low. lu the case before us we are not told definitely by Bill- 
ings how many of the 114 head exposed to sick natives saccambed, ex- 
cepting that several were dead on a certain date. It has already 
been stated that only those natives which survive or die after pro- 
longed illness can mature ticks on their bodies. Hence where the mor- 
tality is very high, the ticks may mature in but small numbers, so that 
the secondary outbreak due to sick natives may be mild for this reason 
as well as on account of the advanced season j for there seems to be, 
up to a certain point, a more or less direct relation between the number 
of ticks which attack cattle and the severity of the disease. 

In regard to the infectious character of sick natives it may be con- 
cluded that the infection really exists and it may be transmitted to 
other natives by the cattle tick. The severity of the secondary dis- 
ease will dej>end upon the time of the first outbreak among the natives 
and upon the number of ticks matured. It Is as a whole not a very 
serious element and the losses result mainly from the impoverished 
condition of the animals which pass through such attacks. 

SIOK MATIVBB ABE HAEMLBSS WHEN THE CATTLE TICK IS ABSENT. 

This investigation is largely of theoretical interest in confirming the 
experiments which demonstrate that Texas fever is not transmitted 
from Southern to Northern stock without the intermediation of the 
<!attle tick. Natives are not supposed to be sick excepting as they are 
infected by the cattle tick, hence the existence of sick natives without 
ticks must be of such rare occurrence that it is of no practical impor- 
tance. In the following experiment the disease was produced in na- 
tive cattle by the intravenous injection of blood drawn from the jugnlar 
vein of healthy Southern cattle. For a more complete discussion of 
these inoculations the reader is referred to page 119 and to the history 
of the individual cases mentioned below in the appendix. Here we 
simply mention the fact that the disease was actually produced and 
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that two natives, placed with such oases as controls, remained well, as 
is indicated in the annexed table: 
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Disease begins SepUmber 11. RecoTery. 
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218 
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October l, expoanre negatlTS. 
October 1, eipontre aegaUra. 











The disease began in this field as early as July 13. Five animals 
had passed through the disease and one had died on it. The control 
No. 218 had been in it from July 16, i. e., 77 days np to October 1 with- 
ont manifesting the slightest signs of infection. The second control 
spent 46 days in this inclos ure up to October 1, with the aame negative 
outcome. 



We have seen in the foregoing pages that the transmission of Texas 
cattle fever may be prevented entirely by removing the ticks from 
Southern cattle in such a way that a new generation is suppressed. 
We have likewise seen that sick natives may remain in the same in- 
elosure with healthy natives for months without transmitting the dis- 
ease to them, provided the sick natives have no ticks on them, or, in 
other words, provided the disease has been produced by direct inocu- 
lation. These facts go ikr toward bringing us to the conclusion that 
no outbreaks of Texas fever are produced without ticks. Tet we can 
not deny the possibility of a conveyance of the disease by other agen- 
cies, for this possibility is demonstrated by the fact that by a direct 
transferrenee of blood froui sick natives, and even from healthy South- 
ern animals, the disease may be reproduced with all its characteristic 
virulence. We know as yet so little of the ectogenic life of the Texas 
fever parasite that whatever hypotheses may be made must remain 
such until our knowledge has become more defined. Meanwhile we 
may formulate certain possibilities of transmission without the aid of 
the cattle tick to call the attention of fatnre obser\'ers to them. 

It is possible that the disease may be conveyed by insects, which 
pierce the skin and draw blood. Such pests, when moving from sick 
to healthy animals very rapidly, may carry enough blood on thefr 
month parts to inoculate healthy animals. But onder such circum- 
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stances several factors come into play, such as the probable destruc- 
tiou of the micro-parasite by drying and other anknown agencies, 
and the probability that the quantity of blood is too small to contain 
any parasites. Moreover, a single parasite, or even a few parasites, 
may not produce anything more than a mild, unnoticed affection. The 
possibility of direct inoculation by insects may depend on the distri- 
bution of insects which draw blood. In the District of Columbia 
Texas fever was not carried by insects, with the possible exception of 
a single instance, to be described below, during the four summers of 
work from 1889 to 1892, inclusive, although the very best opportunities 
were offered them to carry on direct inoculation, especially during the 
present summer. There may be parts of our country, however, where 
such direct inoculation from sick to healthy natives in midsummer is 
favored by the presence of certain insects not to be found near Wash- 
ington, 

If we consider for a moment the probability of an infection of native 
from Southern cattle directly by means of fiiea, etc., we shall find it 
very slight. Though we now know that Texas fever parasites exist in 
the blood of presumably healthy Southern animals, we must regard 
these parasites so scarce in number, if we are to be guided by the micro- 
scopic examinations of the blood, that Insects can not draw enough 
blood to become dangerous. The infection of natives by Southern ani- 
mals in this way must be considered probable only when authentic 
vases of this disease are on record which appeared ten or fifteen days 
af^r contact with Southern cattle, provided the ground has not been pre- 
viottsly infected with ticks from other Southern herds. There seems to be 
no carefully investigated outbreak of Texas fever on record which oc- 
curred within thirty days of the ground intectioQ or of cont^act with 
Southern animals. 

In case Southern droves of cattle contain animals actually diseased 
with Texas fever, their blood would contain more parasites than that 
of the healthy, and hence might serve more readily as an inoculating 
fluid for insects, but Southern animals and natives are not allowed to 
mingle so as to bring this about. The disease is produced, in most cases, 
where Sonthern and native cattle do not come in contact at aU. If 
insects distribute Texas fever they could only do it accidentally, and 
hence the result would be a few isolated cases. But Texas fever at- 
tacks 90 to 95 per cent of all natives, 

Texas fever, as elucidated in the foregoing pages, is essentially a 
disease of the blood. The parasite producing it must be transferredin 
some manner from the blood of one animal to that of another. There 
is no evidence to supiiort the view that it may gain entrance by way 
of the digestive tract, and hence several channels by which the micro- 
parasite might get into the body are necessarily out off. Though the 
parasite is very likely present in the discharges and the urine of the 
sick, and perhaps in smaller numbers in the excretions of Southern 
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auiiualB, yet pastures infected by such excretions are not infections. 
In 1890 the following experiment wjis made : 

Blood and spleen pulp from several natives which had snccnmbed to 
Texa» fever was scattered over the ground in Inclosure V, and two 
natives (Nos. 109 and 136) pastured in it from August 25 to November. 
There was no trace of Texas fever discovered in either case, although 
the bhHHl was examined at three different times. The number of blood 
corpuscles in one of these animals (No. 136) was below normal, but as 
it remained at this low pouit throughout the season, and as the animal 
had some vaginal discharge, the low number must have been due to 
disturbances of the generative organs. lu the other animal the red 
corpuscles remained above 5.7 millions. 

Perhaps the l>est evidence which can be adduced that the excre- 
tions do not have anything to do in transmitting the disease is the ex- 
periment in which healthy natives were exposed to sick natives free 
ftom ticks for months without any result. 

The only exception, and this a doubtful one, to the general result of 
our experiments and experiences at the station, that Texas fever ap- 
pears only with ticks on native cattle, occurred in 1891. Field XII 
(see Fig. 7, p. 108) was used only for the storing of unased health; cattle 
during the course of the experiments of that summer. In this field a 
cow was kept (No. 168) upon which bleeding had been performed a 
number of times for the study of changes going on in the blood in 
anaemic conditions. The examination of the blood in this case began 
August 3 and was continued at intervals to September 8. The animal 
was led out of the field during each examination to a box, into which 
she was fastened during the venesection and the collection of the 
blood. On September 1 No. 162 was received and placed in this field. 
On September 20 she was observed to be dull and to refuse to eat. 
The temperature on September 28 was over 104° F. On the follow- 
ing day the animal was found dead. The autopsy revealed an acute 
case of Texas fever, with an enormous infection of the red corpua- 
cles of the blood with the Texas-fever parasite. An examination of 
the other animals in this field showed that only one other was dis- 
eased. This was the case upon which venesection had been practiced 
and whose blood had been examined last on September 8, How was 
this infection bronght aboutt In a preliminary report* the proba- 
bility of direct inoculation by flies was emphasized. The disease had 
appeared on the station as early as August 8 in those cases artificially 
infected with young ticks, and it appeared subsequently in the general- 
control Field VI. Hence the opportunity was afforded for the convey- 
ance of the virus by insects from sick animals. Instead of this chan- 
nel of infection there is one other possible one. Though no ticks could 
be found on the animals in this field, a few may have been carried there 
in the course of the season, or they may have crawled there. A few 
* B«port of the Seoretary of Agriooltare for 1891, p. 134. ^ 
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ticbs on an animal may have been overlooked, since they are still quite 
small when animals succumb in the acute stage. Moreover, they may 
have attached themselves in places not regularly selected by the young 
ticks (inner aspect of thighs aud escutcheon), in which case they 
would have been quite certainly overlooked. On the whole we mast 
confess that the it^ection of these two animals is a matter the obscur- 
ity of which can not be cleared up. They are the only cases of Tesas 
fever which have occurred on the station fields during the four sum- 
mers of experimentation which are not directly traceable to Southern 
cattle carrying ticks, to ticks alone, or to direct transferrence of blood 
from sick native or healthy Southern animals to susceptible natives by 
inoculation. 

10320— No. 1 9 
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[MMUNITY AND PROTECTIVE INOCULATION-DISTRIBUTION 
OF DISEASES RESEMBLING TEXAS FEVER ON OTHER CONTI- 
NENTS. 

IMMUNITY IN SOUTHERN CATTLE. 

It has been stated by Home obaervers that Southern cattle soon lose 
their immnnitj' agaiuBt Texas fevet alter they have been taken to 
Northern pastures, and that they are liable to be attacked by this dis- 
ease after having been away from the pennanently infected territory 
for a year or louger. These statements, so &r as ve know, are not 
based upon eiperimeutal evidence, but upon observation of natnral 
ontbreaks, aud hence the evidence is hkely to be weak in one or more 
points. As we were more or IcBS favorably sitnated to test these state- 
ments, some of the Southern animals were kept on the station grounds 
for one or two winters and then reexposed to freshly imported Southern 
animals together with N'orthem stock. These experiments are a part 
of those already described in connection with ticks, and the following 
numbers, therefore, belong to the original experiments. 

Uwperiment 8 {exposure of native to Texan cattle, page 100). — In addi- 
tion to the natives, a Southern animal (So. 62), brought from North 
Carolina in 1889, was exposed on this field September 25, 1S90, with a 
native {No. 74). The latter died October X6, while the Southern animal 
appeared not to be affected. The blood was examined three times. 
The corpuscles did not fell below five and one-half millions. All adult 
natives exposed in this inclosore dnxing the summer succumbed to 
Texas fever. 

Experiment 9 {exposure of natives to North Carolina cattle, page 100).-~~ 
In addition to the natives placed in this inclosure, the following North 
Carolina cattle of the previous year were introduced July 4, 1890: 

No. 32 (heifer, 3 yaara). Exposure negatiTe. 

No. 59 (cow, 6 yeois). Ezposnre negative. 

No. 87 (calf of No. 69, 3i months). Sligtt infeotion. • 

No. 61 (steer, 2 years). Expoanre negative. 

No. 67 (cow, S years). Exposure negative. 

No. 86 (calf of No. 67, 2 months). Slight infection. 

From this table it will be seen in the first place that none of the cat- 
tle died or became visibly diseased. In Nos. 32 and 69 the blood was 
examined September 3, when all exposed natives were either sick or 
dead, and found normal. Nos. 61 and 67 were not examined in this 
way. In case of the two Southern calves descended from Southern 
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parents^ but born on the station, there was a slight infectioii cliarac- 
t#rized by the presence of the iDtraglobolar coccus-like Btage of the 
Texas-fever parasite. In No. 87 these were detected September 20, 
bat the blood corpuscles did not fall below five milUoiis, as &r as the 
few examinations are evidence. In No. 86, the younger calf, there was a 
decided taU in the number of red corpuscles associated with the pres- 
ence of the parasite iu the same stage as in No. 87. The corpuscles 
numbered but three and one-half millions October 30. 

Experiment 14 [exposure of natives to Iforth Carolina cattle,page 107). — 
In addition to the natives placed in this field the following Southern 
animals were introduced July 2, 1891: 

No. 55 (uow, 5 years old, ftom North Carolina in 1889). ExpoBore uegatlrs. 

No. 62 (heifer, 3 f eara old, fi;om North Caiolina in 1889, exposed in 1890). Expoanro 
negative. 

No. 121 (cow, 4 foara old, from Texas in 1S90). Exposnre negative. 

No. 126 (cow, 6 yeara old, from Texas iu 1890). Exposure negative. 

These four exposures proved negative (so fai' as any outward signs 
of disease are concerned). No. 55 had been away firom Southern pas. 
tures and not reexposed for two years. Her blood August 29 was 
normal. The blood of Nos. 62, 121, and 126 was not examined. In 
these experiments the examination of the blood was not carried on 
systematically, and hence no very definite conclusions can be drawn as 
to the presence or absence of all disease. However, the examination 
of the blood of adults when made was negative. It is evident that the 
immunity of Southern cattle is not lost iu one year or in two years. 
And by this we mean insusceptibility so far as a severe attack is con- 
cerned, for none of the adults showed any signs of disease, while none 
of the exposed natives resisted. 

It is especially interesting to note that the two Southern calves ex- 
posed for the first time were not entirely insusceptible. A mild form 
of the disease was detected late in the season, and it is not beyond 
probability to assume that they may have been slightly affected 
through the entire summer. This seems to make it probable that 
Southern animals acquire at least some of their immunity by mild at- 
tacks very early in life. 

NATURAX rMMUNITT OF NOBTHEBN CATTLE. 

Natural immunity of cattle more than 1 pear old. — This we know is 
very slight, for the mortality in many outbreaks has been found to be 
nearly 100 per cent. Still, there are animals which have more or less 
immunity, though never exposed to the virus of this disease. By com- 
piling the cases exposed on the station in the ordinary way to Southern 
cattle in 1889, 1890, and 1891 (experiments 1, 9, and 14), and rejecting 
all those exposed after September 15, we may obtain approximate per- 
centage of insusceptible cattle. There were exposed in all during 
these three years 24 head over 1 year old. Of these only one animal 



132 TEXAS OB SOUTHEBN CATTLE FEVEE. 

remained unaffected, though exposed twice. This was an old cow (No. 
67). The remainder passed through more or less severe attacks and 
five (Nos. 49, 63, 66, 104, and 159) recovered. Some animals, it is true, 
were killed, but in a dying condition, and these are included with those 
that died. It may be said, therefore, that about 95 per cent of adult 
Northern animals are susceptible to Texas fever. When we examine 
the record of the animals under 1 year of age we obtain a somewhat 
different result. 

There were exposed in the geaeral fields in 1889 and 1890 in all eight 
calves. Of these two (Nos.lO, 11) died in 1389 &om an acute attack of 
Txas fever and two (Nos. 62 and 75) recovered. The remaining four 
(Nos. 79, 85, 93, and 100) exposed in 1890 were all affected, but none 
died of an acute attack. The disease was of the more or less mild, 
prolonged type, with the intraglobular coccus-like stage of the parasite 
in the blood." Some succumbed at the beginning of winter from ex- 
haustion, but not so far as could be discovered from the after effects of 
Texas fever. In general, calves are not insusceptible to Texas fever, 
but the disease is milder and the mortality is lower than with those more 
than 1 year old. Attention is here called to the case of No. 102., a calf, 
which was found dead thirteen days after birth in a field infected with 
ticks only (experiment 10). The lesions were unmistakably those of 
Texas fever. 

ACQUIRED IMMUMITY OP NOETHBBN CATTLE. 

This is a problem of fiir more economic importance than those just 
discussed, since it affords us some insight into the possibilities of pro- 
ducing immunity artificially. The various field experiments of 1889, 
1890, and 1891 furnished a number of animals, some of which had passed 
through a mild attack, others through an acute attack. Many of these 
were reexxK>8ed the following year to freshly introduced North Caro- 
lina cattle in company with fresh native animals. The following sum- 
mary includes all such exposures. The number of the experiment cor- 
responds in every ease to that already described, of which the one under 
consideration forms a part. 

Ea?periment 9 {see page 100). — The following recovered cases of 1889 
were exposed with fresh natives to North Carolina cattle : 

July d, 1890.— Ho. 51 (cow, 4 years) passed tbrough a mild attack in tho fall of 

July 4, lS90.~-!!lo. 53 (cow, 2J years) paased through a fairly seyere attack in the 
fall of 1889. 

Jvly 4, 1890. — No, 61 (steer, 3 ytiXTii) passed thiongli a mild attack in the &11 of 
1889. 

Septetaher SO, ISQO.So. 65 (cow, $i years) passed through a mild attack in the 
fall of 1889. 

July 4, 1890. — No. 75 (heifer, 16 months) passed through a prolonged attack in the 
innimerofl889. 

*It is prohahle that in all of these caws » ihort aonte attack preceded tbe mild 
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In these animals the severity of the first attack is best measnred by 
the intensity of the destruction of red eorpuacles. The number of cor- 
puscles in No. 61 had fallen below 1.5 millions on November 4, I8S9. In 
So. 53 they fell to 2.5 millions. In Ko. 64 they had fallen to 2.7 mil- 
lions OD Kovember 7, bat there vere still many infected corpuscles in 
the circulation. In No. 65, they nnmbered only 1.7 millions November 
4. "So. 75 was not examined. The result of the second exposure in 1890 
is, briefly, as follows : 

No. 51 dies of an acute attack Aagoat 26. 
No. 63 probably not affected. 

No. 64 paHBes tbrongb a prolonged, but rather mild attack. 
No. 65 pasBBH tbrongb a mild attack (expoaare late) and dies some time after. 
No. 75 probably not affected. 
Experiment 10 {see page 103). — No. 47 (cow, 4J years) had passed 
through a rather severe attack in the fall of 1889. The red corpuscles 
at that time fell below one million. July 4, 1890, she was placed in 
Field Vm, into which only adult cattle ticks had been thrown. She 
died of an acute attack September 12. 

Experiment 14 {seepage 107). — 'The following recovered cases of 1890 
were exposed with fresh natives to North Carolina cattle July 2, 1891: 
No. 56 (steer, 1 years) passed tlitoagh a pcolonged attack in fall of 1890. 
No. 102 (oow, 7 yeais) passed tbroagli an acnte attack (doe to ticka only) in sum- 
mer of 1890. 

No. 130 (cow, 6 years) passed tbrongb a ratber severe attack (Experiment 13) in 
artificially beated etaiile (1890~'91). 

No. 143 (beifer 2^ years) passed tktongli a donbtfnl attack (Experiment 13) in 
artificially heated stable (1S90-'91). 
The result of this exposure is, in brief, as follows ; 
No. K6 passed tbrongb a mild attack. 
No. 102 was slightly, if at all, affected. 
No. 130 died ttom an acute attack August 27. 
No. 143 passed through an aonte attack and recovered. 
Eseperiment 17 (see page 111). — In addition to the natives, not hitherto 
exposed, which were placed into Inclosure VI, in 1892, together with 
fi^sh North Carolina cattle and ticks, the following recovered cases 
were included: 

No. 135 reSxposed July 20. Tbis animal bad passed through an alrtock in Field 
YIII (ticks only) in 1890. Thissnmmeritwas again attacked, and the red corpuscles 
at one time were found as low as 2,000,000. 

No. 167 was re^xposed on the same day with the preceding. It had passed 
throngh on acute attack last year, and was very low for a time. This summer there 
was probably a slight attack, as the blood corpuscles, though they did not fall be- 
low 5,000,000, showed signs of regeneration. 

The following cases were reexposed together on Angust 26, in the 
same field, and a hitherto unexposed native, a bull (No. 204), 2J years 
old, was put in with them as a control, since the season was now some- 
what advanced : 

No. 56 had passed throngh a prolonged but mild attack in the fall of 1890. In 1891 
It was again exposed and passed through a short, acute attack. Tliis summer there 
was probably a very short attack, as is indicated 1)y the record of the red corpuBoIoa. 



134 TEXAS OE SOUTHEEK CATTLE PEVEB. 

No. 106 had passed throngh an acnt« and pTolonged fevei m Field VIII (tioke only) 
ia 1890, followed by a, relapse later on In the same Beason: A second eiposnro in 
September of 1891 waa apparently negative. This eniamer, however, the disease 
reappeared on exposnre, the loss of red corpusclM being fairly Bevere. 

No. 160 was exposed late in 1891 and paased throagh a, short bnt acute attack, fol- 
lowed by a relapM which lasted into December. This siinuner the exposure was 
evidently negative. 

No. 166 was infected with artidcially hatched ticks iu 1891, and passed thiongb an 
acute and lathei prolonged attack. This snuimer tbe eiposaie was negative. 

No. 182 passed through an ocnte attack late last year as the result of the introve- 
nons injection of infected blood. This yeai' tlie exposure resulted in a slight attack. 

No. 185 at the same time passed through a similar attack, due to inoculation. This 
■nuuner the exposure was negative. 

No. 201. The control exposed at the same time in this field passed tbroagh a very 
acute attack, and was probably saved by its age. Nu. 22S, which had just passed 
through the disease due to an infection with artificially hatched ticks, and whose 
blood corpuscles had nearly reat^hed the nomial, was transferred to this field Angost 
30, four days later than the preceding lot. A second attack was the reenlt, with a rapid 
and extensive loss of corpuscles. This case is meri'ly introduced to show the intensity 
of the infection still existing in this field, but it can not be wholly regarded in the 
light of a control. 

The following table gives a brief r^aum6 of these exposares: 
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These experimeDts demoastrate the iiDportaat fact that one attaek of 
Texas fever does not necessarily protect the animal from a second attack. 
Of the eighteen eases seven may be said to have remained practically 
nnaffected during the second exposure. Of the remaining eleven three 
died daring the second exposure. It is impossible to determine in 
snch cases how much natural immunity existed before the first attack. 
Thus No. 53 survived the first attack while another cow exposed at the 
same time and nearly of the same age succumbed to an acnte attack. 
No. 75, the heifer which passed throngh the first exposure as a call 4 
months old, is hardly to be regarded as a &ircase. Hence we must be 
cautions in giving even in these cases too much credit to the first attack 
in warding off the following one. It is not to be denied that in the case 
of animals not more than 2^ or 3 years old a first mild attack may pre- 
vent a second fatal attack in many cases, and a first acute attack may 
be followed by a very mild infection, but it may be laid down as a gen- 
eral proposition that a single attack is not sufficient to produce complete 
immunity. 
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PROBLEMS CONOEBNIHa PBEVEHTITE IHOOULATION. 

If a single attack of the disease itself does not afford complete pro- 
tection it is not likely that atiy process or method of artificial inocula- 
tion will be snccoasfal in this respect. The profound effect which is 
necessarily produced In the body of an animal by a destruction of red 
corpuscles equal in amount to all those circulating in the body at any 
given time should make much more impression than any method of inoc- 
ulation is likely to do. And yet such an attack not only does not pre- 
vrait a second attack but may not prevent death during a second attack. 
Aside from the difficulties attending the production of insusceptibility 
nnder any circumstances the difficulties of preparing a "vaccine" ac- 
cording to the method hitherto practiced are at present insurmounta- 
ble. The microorganism which we have described as the presumable 
cause can not be cultivated. Hence the method first practiced by Pas- 
teur of using an attenuated form of the virus itsflf is ntrt within reach 
and other means must be sought. Before suggestiag any lines of experi- 
mentation in this field let us examine briefly under what conditions it 
is desirable to have an animal insusceptible to Texas fever. 

On pastures north of the permanently Infected area Texas fever can 
be kept away by properly applied preventive measures. Hence the 
protection of Northern cattle by some artificial process is unnecessary 
and practically out of the question. It is, however, of great importance 
to be able to protect from a fatal attack valuable animals which are to 
be taken South into permanently infected territories. It is probable 
that if calves be taken they may, without treatment of any kind, sur- 
vive the infection upon Southern pastures and become gradually insus- 
ceptible. But in case of animals more than 12 to 18 months old the 
first attack might be fatal, and if a preliminary mild attack could be 
induced by artificial means the filial effect of a second attack might be 
averted. 

Perhaps the simplest manner of producing a mild, usually nonfatal 
attack is to expose cattle on pastures which have been infected with 
ripe, egg-laying ticks at some specified time in the fall. This time 
must depend on the climate of the locality where the infection is to be 
practiced. In the latitude of Washington we found in 1889 the middle 
of September a convenient time for the infection. In more northerly 
latitudes the exposure should be correspondingly earlier. Cattle ex- 
posed in this way take Texas fever invariably, but the mortality is 
practically zero. Such animals may die of a second attack during the 
succeeding summer, but a second mild exposure during the following 
autumn may furnish a sufficient protection. Inasmuch as the recovery 
from even severe attacks of Texas fever is usually complete and not 
followed by any permanent debility, such mild attacks would not be 
likely to cause any permanent injury to the exposed animals. 

Another method of inducing Texas fever is the injection of blood 



136 TEXAS OB SOUTHERN CATTLE FEVEE. 

from cases of Texas fever. Such inoeulations are apt to result in a mild 
attack if practiced after the hot weather of midsammer. The blood of 
Southern cattle will serve thesame purpose, as our experiments carried 
ou this year (1892) have shown. If practiced in early summer the iu- 
jection of such blood induces a prolonged attack, and may cause death. 
(See Nos. 198, 206, 219, 222, and 230.) These latter methods of inocn- 
lation require either the presence of Texas fever or of freshly imported 
Southern cattle.* The former method of exposure to ticks i« on the 
whole simpler, smce it requires no operation, and since ticks are easily 
procurable from the permanently infected Southern territory. Mild at- 
tacks of this kind should be watched with care and the blood examined 
from time to time to obtain positive information concerning the sever- 
ity of the induced attack. The temperature should likewise be taken 
morning and evening. 

Efforts to protect Northern cattle by inoculation were made by Dr. 
Paul Paquin (9, p. 14). We can not review these experiments in detaiL 
While we must commend the faithful work, we must dissent firom the 
method, and hence can not regard it as applicable in practice. The 
wholly different outcome of our experiments concerning the micro- 
organism and the cattle tick as probably the only transmitter prevents 
us from accepting any results based upon hypotheses which are now 
shown to be unfounded. But if we look at the results obtained by 
Paquin's vacci nation we will be convinced that they are for from being 
satisfactory. Thus Dr. Dinwiddie {9, p. 23) reported a mortality of 100 
per cent among nonvaccinated animals, aud of To per cent among vBiG- 
cinated animals exposed in Arkansas. Of vaccinated and nonvacci- 
nated cattle sent to Texas 66§ per cent of the former and 88§ of the 
latter died. These percentages show so little difference between the 
mortality of vaccinated and nonvaccinated cattle that, bearing inmind 
the various unknown factors which come into play in such experiments, 
we may regard the effect of this mode of vaccination as negative. 
What is meant by the author when he speaks of the virus used iu 
these inoculations as doubtful it is diflUcult to understand. A culture 
always contains a definite kind of bacteria and they are either of the 
wrong kind or the right kind, and no vaccination experiments should 
be attempted or, if attempted, reported without an exact description of 
the underlying conditions, so that they cau be repeated if necessary by 
others. The real difficulty, however, with these experiments lies 
deeper. Vaccination experiments were tried before anything definite 
was known concerning the nature and causation of the disease, and 
hence were buUt on hypotheses of a vague character in place of demon- 
strated facts. Any reader of the foregoing pages of this report will be 
satisfied that the diagnosis of Texas fever must now require a careful 

' Since (he above was written we have determineil tliat the Texas fever parasite 
■naa carried in the blood of a North CaroHua animal 3 years after leaving the perma- 
nentlf infected tenitory. 
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periodical examieation of the blood, and tliat unlesa this is carried out 
the disease may escape observation. Again all teat exposures must be 
made under precisely the same couditions and not in different inclo»- 
ures with'a doubtful or a variableinfection, since we now know that the 
infection is carried by the newly hatched tick. 

The statements made above concerning the possible uses of mild in- 
fections as means of subsequent protection must be regarded as mere 
suggestions which may or may not prove of practical utility on a large 
scale. They are carried out so easily, however, that they may be tried 
by anyone exercising a certain amount of care. 

IS TEXAS CATTLE FEVEE EESTRICXBD TO THE AMBEICAK COHTIHEHT! 

Among the diseases cairied from their natural habitat by intercourse 
Texas fever occupies a very prominent position. Existing chiefly as a 
mild, rarely recognizable, malarial infection in certain regions of our 
country, it becomes a highly fatal infectious disease when transported 
beyond its natural confines. Tlie movement of cattle is entirely re- 
sponsible for the phenomenon. The question naturally presents itself 
whether such a disease is not to be found in other countries situated as 
we are. Only an active movement of cattle, such as took place in our 
country in 1867 and 1868, in the hot months of the year, together with 
their dissemination over Northern pastures, would demonstrate the 
presence or absence of such a plague on other continents. But there 
is evidence even now that a disease resembling Texas fever very 
closely, if not actually identical with it, exists In southern Africa and 
In Europe along the Danube. 



In 1883 a report was presented to the English Parliament by a com- 
mission of inquiry concerning a disease among cattle in the colony of 
the Cape of Good Hope known as " redwater." This disease is defined 
by the commission as — 

an infective and malignant tern in horned cattle, oharacteTized by the psasiug 
of nrine of a coloc varying from blood-red to piirpliHh-red, aud holding the htematin 
01 coloring matter of the blood in solution. Que ox can nut give another red-wfttec 
as a smallpox patient can give his diseaae to his neighbor. Redvrattir is not con- 
tagious in that waj. The poison of ledwater passes from a snffering animal on 
topaatntage. What, if anything, happens to the poison at this stage ia not fully de- 
termined. Auothei 0£ feeds over the pastntage thus contaminated and becomes in 
his tnm the snfferer. * 

The disease was first observed in 1870. Since then it has been intro- 
duced from time to time by oxen used as carriers which keep up com- 
munication with the territory north of the colony. Of the precise 
manner in which the virus is communicated by the cattle only this was 
known, that while they did not infect other cattle directly they did 
infect the ground over which they passed. 

■ Supplementary report (1884), p. 3. Dgitized by GoOqIc 



13» TEXAS OR SOUTHERN CATTLE PEVEE. 

The symptoms of this disease are sammarized by tbe oommiasion as 
follows : 

The beast, when first observed, appears dnll and sluggish, with a tendency to 
leave the rest of the herd; the hair stands erect, like that of an animt^ on a cold 
da; (a staring coat) ; the ears hang, and the eyes have a dnll, Insterleae appearance. 
In some cases the beasts nili cease feeding; in other cases they continue to nibble 
at the herbage until nearly the last, but in an indtETerent manner, indicating that 
they have no relish for their food. There is generally a dribbling of saliva ftom the 
month, the nose or mnzzle may appear quite moist daring the early stages of the 
disease, but it invariably becomes dry and crusty as the disease advances. Later 
on, the animal will manifest a disinclination to move, and when compelled to do so, 
will walk with a dragging, straddling gait, as if weak across the loins. In some 
cases where the sick beast is left undisturbed, it will remain almost constantly in 
one place, and while standing with head depressed, and ears hanging, in a drowsy, 
semi-comatose condition, look the very picture of complete nervons prostration. 
Some snch cases will lie down the greater part of tbe time and scarcely move, and 
when found dead the head and limbs will be resting in their natural position, as if 
the beset was asleep. In one very marked case of this kind the colonial veterinary 
snrgoon, on making a post-mortem examination, found the carcass pale and almost 
bloodless, as if the animal had been bled to death. In other severe cases a twitch- 
ing and quivering of the muscles will be observed, especially of those situated in 
the flank and behind the shoulder, while the animal will stand and grind its teeth 
and cnrl np its upper lip. The beast's dnug during the early stages of the disease 
is very often soft, with a tendency to diatrhcea in some cases,' but it almost invaria- 
bly becomes hard as the disease advances. In some very severe cases, where re- 
covery has taken place, tbe favorable crisis appeared to be ushered in by a salntary 
diarrhtea. Bat whether the dung is hard or soft it is generally of a brownish tinge, 
and mixed with blood and mucus. In miloh cowa the very first symptoin observ- 
able, is the sadden cessation of milk ; and in many mild cases, of which there is 
generally a considerable percentage in a herd, the only symptoms discernible are a 
dnll, dejected appearance, staring coat, and a slight stiffneaa for a day or two, after 
which these symptoms disappear, and the animals resume their usual appearance. 
Of course, the most prominent and diagnostic symptom in this disease is the color 
and the character of the urine, which varies generally as the disease advances J^om 
a pale yellow to a dark port-wine color, in many very typical cases, however, even 
amongst those which terminate fatally, the urine does not acquire that deep tinge. 
In many cases, also, even when the attack has been very severe, when the crisis is 
passed, recovery is very rapid, and It is very remarkable, in such cases, how soon 
the urine reassnmes its normal color and density with tbe disappearance of the 
albumen. In other cases, again,wherethe liver fails to resume its healthy function, 
the beast will become hidebound and unthrifty-looking, whUe a thick seorf will 
form on (he skiu. 

The lesions observed on post-mortem examinations were reported by 
the veterinary surgeon of the colony as follows: 

On catting through the skin the flesli is seen to be pale and bloodless, and occa- 
sionally of ayellowisb tinge; sometimes there is eabcntaneous emphysema and in- 
filtration of yellowish-colored serum. • • • 

Liver. — This organ is nearly always more or less affected, being augmented in vol- 
nme, and in many instances altered in texture, and so softened as to be easily broken 
mp with the finger. On cutting into it the ducts are often found filled with bile, and 
sometimes from the cut surfaces large quantities of black blood escapes. The gall 
bladder is usually fall of thick bile, and many have thought that this distended 
condition of it was in some way tiie cause of the disease, which is quite a mistaken 
notion, as this state may be observed in other diseases, and in any case where the 
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prooeasof dignstion ii arreeted, as thebile contJLtieH to be Heoreted aud simply col- 
lucte in its natural receptacle till wanted lor use. 

SpUat. — Tltisviscns I baTe invariably found affected, it being generally enlarged 
t4) tbree or four times its nstoial size, and filled with black blood, giving to its bi- 
teinal surface a livid bine ot black color. On bolding it up by one end, it will be 
fonnd that the blood will gravitate to tbe most dependent part, sbowing tbat the 
splenic tissne is disintegrated. Oucnttingiutoit, black incoagulable blood escapes 
from tbe incision. 

Sidneyi. — In a few instances! have fonnd ftese organs looking qnite natural, bnt, 
as a rule, tbe; are much congested, dark in color, and augmented in volume, and 
Bometimes easily broken down. 

Daring tbe outbreak of this disease in 1871-^2, many persons noticed engorgement 
or discoloration of the tissues sutronndiug the kidnejs, while tbe capsales of tbe 
kidneys contained a finid moie or lass dark colored. 

fiddlier. — This usually contains urine of a high color, often quite black, but 
s(»netinieB not much altered in appeamnce. If left to stand it deposits a sediment, 
which on examination is found to consist of mucus corpnscles, hippurates, etc., while 
tbe urine itself contains a variable quantity of albumen. 

Tbe color I find dne to the escape of the bematin of tbe blood. 

Moalk. — On the tongue I have sometimes seen dark-colored spota or patches, but 
this oondition is by no means constant, as in many instances tbe mouth looks quite 
healthy. 

Sutnen. — In this stom»ch I have found the inner coat much discolored after the 
knimal has been dead some honrs, the epithelium peeling off readily. In other cases 
when I have opened animals immedintely ^ter deatli, I have not found this condi- 
tion, thongh in a few instances I have noticed a slight redness. 

EMieulum^ — This stomach has not exhibited any symptoms of disease in any ani- 
mal that I have examined. 

Omnium (third liomjick). — In most cases I have found this organ healthy; some- 
times I have noticed the leaves slightly reddened, and tbe vessels radiating f^om 
their attached border injected, but I bave never observed the sloughing which 
occurs in cases of rinderpest, and some other diseases, nor ecchymosia either. When 
I have found the tissues discolored and the epithelium peeling off readily, it has 
been after the animal has been dead some time, aud the same occurs in cattle which 
have died from othur canses. In a few instances I found tbe oontents hard and dry, 
in others quite soft. 

This dry, impacted state is not peculiar to this disease, nor has it anything to do 
with the cause of it, as some have supposed. 

Aiomaivm (fovrtk lUnaach). — 1 have noticed intense congestion of this organ in all 
oases, with more or less ulceration penetrating to the muscular coat. In some 
instances there were superficial erosions not extending to tlie submucous tissue. 

The mucons membrane was covered with mucus generally tinged witb blood. 

Init»tinea. — The small intestines are invariably congested, and in other lespecta 
present the same appearance as the fourth stomach. Peyer's glands I have fonnd 
enlarged and dark in color, bnt I have not detected ulceration of them. 

The large intestines present a similar appearance to tbe small, bnt in a lesser 

In a few instancesakindof croupous eznd»tion has been seen, and casts of portions 
of the intestines have passed with the feces. 

Cheit. — Id this cavity I bave not observed any particular indication of disease, 
with t^e exception of patches of ecchymosie in tbe lining membrane of the heart. 

Brain. — In tbe few instances where I have examined, the brain I have found the 
membranes covering it much injected and yellowish colored serum in the ventri- 

Enongh of the report haa been quoted to illuBtrate the strikiug aim- 
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ilarity of this South African disease and Texas cattle fever as regarda 
the Bymptoms and lesions and the noncontagious character of both 
maladieB. Both are carried by cattle trom warmer, permaneutly in- 
fected territories, and in both the pastures become infected. In fact, 
the Oommission reports that a certain line exists which represents the 
boundary of the infected district. This is deducible from the minutes 
of the proceedings, where the following passage occurs : 

The CaminiBBloii recommend that the soatheru Redwater line, at preseiit drawa at 
the Umtata Eiver, be strictly respected, and that no cattle, either loose or in yoke, be 
allowed to cross that line except from a portion of East Pondoland, where no Red- 
watei ii known to eziet, and &om such portion of East Pondoland only by oertifi- 

Itisto be hoped that this peculiar disease will be soon made the sub- 
ject of investigation to determine whether or not it also is transmitted 
by some specific parasite like the cattle tick, and whether or not it ia 
really the same as Texas fever. 



Still better evidence of the existence of Texas cattle fever outside 
of our own country is furnished by certain investigations made by 
Prof. Victor Babes,* of Bucharest, in 1888, concerning epizodtic 
bEemoglobinuria among cattle in Boumania. According to Babes — 

A peonliar disease derastates, since olden times, the heida of Ronmania. Native 
Teterinarians have given it the name gaBtro-entero-nephritis. Nowhere are refer- 
ences to he found in publications concerning this plague, which formerly was re- 
garded the same a« rinderpest. It is not less fearful than the latter in the peraist- 
enoe with which it demands annnally thoniands of victims from among the most 
powerfal draft oxen, especially in the swampy lowlands of the Danube River. 
* • * Government commissions had endeavored to determine the nature of the 
plague in foimei epizootics, bnt neither the infectious nor the contagions charaotec 
conld he determined. The disease was looked npon as a kind uf malarial disease. 

Its dissemination seems to be largely dne to draft oxen. Babes 
ie inclined to consider it as spreading from public drinking places, and 
that the infection starts from such fountains as centers aud extends 
over a restricted area therefrom. Babes also makes the curious state- 
ment that "the disease moves from one end of the village to the other, 
reaches after a few days a certain place in the village from which it 
does not spread farther, while those animals in the infected part of the 
village hitherto spared from the disease may succumb later." It is 
evident that the way in which the virus is disseminated is not known, 
and that the above statements are more or less contradictory and need 
elucidation. It should be borne in mind that the conditions as de- 
scribed by Babes must be very complicateil, owing to the employment 
of draft oxen moving from place to place. Ko mention is made in 
these investigations of any ectoparasites. 

'Die Aetiologie der sencbenbaften H^oglobiuutie des Kindes. Arohiv. fdr 
pathol. Anatomie nnd Fhysiologie, cvx, {Jan., 1889), p. 
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S}fmptoms. — Tbe most powerfal draft oxen are the chief victiuiB. 
Oovs are rai'ely nttauked; calves never. Au animal affected with the 
disease appears' weak, the head and ears droop and the ba<;k is arched. 
The temperature is elevated, the pulse and respiration rapid. After 
two days some recover, others begin to pass dark-red urine. In such 
cases emaciation becomes marked, muscular tremors appear, and the 
temperature rises to 40-41° 0. (104°-105.8°F.). The animal now sways 
and drags its hind limbs after it. The bowels may be constipated or 
pass liquid, reddish brown, sometimes bloody stools. The disease may 
tenninate fatally in four to seven days. In rare cases fatal relapses 
occur after apparent recovery. The urine contains but rarely red cor- 
pnscles. Usually albumin and coloring matter of the blood are present. 

Pathological changes. — The lesions found by Babes are intermingled 
with those produced by Penttistomum, so that it is difficult to determine 
which are doe to the specific fever and which to the parasites. Of the 
more important we may extract the following brief statements : 

The lungs may be the seat of emphysema and hypersemia. The heart 
moscle is pale red, friable. The fluid blood and tbe clots in the heart 
cavities are quite pale, indicating a marked loss of coloriug matter. 
The liver is enlarged, in some cases yellowish brown, in others dark 
brown and rich in blood. Babes dwells upon the peculiar mottled ap- 
pearance of staine<l liver sections due to the f^t that the central zone 
of each acinus is in a necrotic condition; i. e., the nnclei have wholly or 
partly disappeared from the parenchyma ceUa This condition is pre- 
cisely similar to that observed in Texas fever. The gall ducts are not 
obstructed. The gall bladder contains fluid, orange-yellow bile. 

The spleen is always enlarged, black or blackish red, the capsule 
tense. The enlargement resides in the pulp, which is blackish, disin- 
tegrated. 

The third stomach is impacted. The fourth or true stomach is al- 
ways hyperEemic. As a rule, heemorrhagio erosions are found in the 
pyloric portion, still more frequently flat or deep excavations are ob- 
served along the mucous folds, with haemorrhagic base and covered 
with a slightly elevated greenish-brown slongh more or less easily re- 
movable. The hsemorrbagic and cedematous changes along the diges- 
tive tract and its mesenteries seem to be much more pronounced than 
in Texas fever, but, as stated above, Pentagtomum may have something 
to do with these. 

The kidneys are snrroanded by hsemorrhagic, cedematons tissue. 
Frequently the site of a kidney is indicated by a large blackish, hsemor- 
rhagic area. The kidneys are enlarged, the cortical portion dark red. 
In the pelvis more or less extravasation of blood. The bladder con- 
tains much dark-red urine. 

The musculature of the body is in parts pale and friable. The mem- 
branes of tbe brain and spinal cord are iqjected, the nervous tissue 
rich in blood, sometimes softened and (edematouB, 

Lg.l.cU.,' Google 
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That portion of the work most ioterestliig to us is tlic description of 
bodies within the red corpuscles, which are strikingly like the parasite 
of Texas fever in its intermediate stages. Babes flnds peculiar micro- 
organisms, which he calls bacteria within the red corpuscles in the ca- 
piUaries of the mucosa of the stomach and intestines, iu the mesenteric 
glands, in the liver, spleen, and kidneys. In the mesenteric glands 
they were foand free in masses. In the kidneys they were exceedingly 
abundant, both free and within red corpuscles. He also detected them 
in the mnsculature of the body, sometimes in the marrow of the bones. 
In the brain and spinal cord they were not found. 

Babes describes these peculiar micro-organisms when stained in Lof- 
fler's methylene blue or methyl violet as squarish bodies, each divided 
by alight line so as-te form abody like a diplococcns. The description 
is vague, but an examination of the illustrations shows that the cor- 
puscles may contain two such diplococci hanging together at one comer 
and making an angle with each other. Babes flnds also that these 
organisms can not be stained in sections by the current bacteriological 
methods. He resorts to the following procedure to avoid the decolor- 
izing action of the alcohol : The sections are stained in LSfKer's methy- 
lene blue for one hour, then dehydrated in an alcoholic solution of 
methylene bine. Thence they are transferred to an alcoholic solution 
of eosin and lastly to aniline oil and xylol. 

The author believes that owing to the massing together of the " dip- 
lococci" in the mesenteric glands, the capUlaries of the mucosa of the 
stomach and the cedemas surrounding these organs that they enter by 
way of the ulcers of the fourth stemaeh, become disseminated in the 
blood, and then attack the red corpuscles. The probable truth of the 
matter is, however, that the bodies which he saw have already been in 
corpuscles and have been set free by their breaking down. 

Bacteriological observations were made on a certain number of cases, 
of which some are reported. The whole work is regarded as preliminary, 
however, for the results are by no means conclusive. Several kinds of 
bacteria were isolated from oxen which had succumbed to the disease. 
One of these was cultivated with great difficulty and is fatal to rabbits 
in about two weeks. Its relation to the disease, though assumed by the 
author, is not yet proven, since no inoculations are reported which show 
that it is capable of reproducing the disease in cattle. 

In a more recent communication* Babes gives some additional facts 
bearing on the microorganism of this disease. 

The parasites are quite polymorphona. The characteristic form is that of a diplo- 
CooonB in the interior of the red oorpuacle. In other cases there ace two or even 
three pairs of the microorganiem in a red corpuscle. The size of these bodies 
variea. Some individDnls are 2 n, others 0.5 /i in diameter. In the fresh condition 
they are recognizable vithin the red corpusotes by their moderate re&angibility and 

'VerhandlnngendesK.intematiotialeii medizinischeu Congresses (1880). II. Dritte 
Abtheiluog., S. 101-103. 
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their colorlesBuesB. They do not move within the corpuBoles. Stained with methjl 
Wotet their interioi ahoff's a pecnllai line of division. The microbes are moie tabu- 
lar (tHbieah), with ends ronnded off, and they often hang together by means of a fine 
thread. Stained bine, the bodies are spherical and the chromatic snb stance is fonnd 
more on the periphery. The parasites are colored brown in cbromate of potash. 

It will be observed that tliis deBcription acooids mucli more closely 
than the one given in his first commanication n^ith that girea in this 
report of the Texas-fever microorganism. Babes has detected no 
movement or changes of form of the microorganism within the corpns- 
cles. This may be due to the failure to examine the blood during the 
life of the animal. Infact,hisdescriptionof these bodiesindtcatns that 
he has thus fkr seen them only post-mortem. He also adds the follow- 
ing information concerning the transmissibility of the disease from one 
animal to another. 

Btood of sick or dead cattle 2 oi 3 days old may still pTodnce the disease, but fre- 
quently a considetable quantity of ftesh blood does not infect them. Unduabtedly 
this depends npon othec oondltions of development of the parasite in the animal 
body. Thns the paraaite can only be transmitted once from cow to oow and inocu- 
lations Horn rabbit to rabbit can only be carried throogh two to three geneiationa 
with enccess. Of twelve inocolated beeves only fonr contracted tke disease. 

In oar experiments the infectious agent has been transmitted from a 
Southern cow {No. 314) to a Northern cow (No. 222) and from this sah- 
sequently to four other Northern cows (Nos. 197, 200, 227, 228) without 
any diminution of virulence. In fact, three of the four died. As the 
evidence for the above statement of Babes that the transmission of the 
disease can be effected but once from cow to cow is not presented we 
can not examine into it more closely. 

As to the cultivation of the microorganism, Babes is more cautious 
in his statements in this second communication. Of 200 inoculated 
tubes only twelve showed a feeble growth of diploeooci of various sizes. 
ThesC' are said to produce the characteristio disease iu rabbits with a 
hemorrhagic cedematous exudate of the peritoneum and great masses 
of parasites in the same, exceptionally in blood corpuscles. This sounds 
more like the more chrome forms of the ordinary aepticcemia Aemorrha- 
gica in rabbit. As to the nature of the micro5rganism Babes now hes- 
itates to express an opinion, and inclines to the view that it may stand 
' between the bacteria and the protozoa. 

It is difficult not to come to the conclusion that this disease is identi- 
cal with Texas fever. The pathological changes are almost precisely 
the same, and any minor differences aie explainable by the assumption 
that Babes may have largely examined animals after the acute attack 
had passed away. The microorganisms of both diseases, their general 
appearance, their habitat are strikingly alike. The fact that Babes cul- 
tivated his organism and prodnced disease iu rabbits is not a strong 
argument against their identity, for it seems very probable that he may 
have had under observation one of those not very uncommon bacteria 
accidentally associated with various disease processes whose form is 
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too small to resemble anything in particular and the cultivation of which 
is attended with many failures. Such forms are familiar to most work- 
ing bacteriologists. It is nevertheless impossible to come to any posi- 
tive conclnsion that the Koumanian and the American diseases are the 
«ame until the investigations concerning the former are carried beyond 
the preliminary stage in which Babes has left them. 

In the Caucasus* there prevails a disease during the hot season which 
is called " Tschichir," a name also applied to a kind of red wine, because 
the urine of affected cattle is red in color. The disease is said to kill 
thousands of the best cowa and oxen annually, and peasants lose the 
major part of their stock in a few days without being able to do any- 
thing to check the disease. The details concerning the disease are very 
meager. " At first the animal is dull, with drooping head and ears. 
It champs its teeth, moans, and discharges from its mouth a viscid, foul- 
smelling mucus. The bowels may be loose or costive and the nriae is 
bright red." Prom observations of the disease the following conclU' 
sions are drawn : 

The "Tschichir" has no infectious properties. The disease attacks 
mainly working oxen, more rarely milch cows, and never young animals. 
It is more severe and acute in spring than in fall. It does not last 
more than three weeks in any one locality. In the first week it begins 
to show itself, in the second it is at its height, and in the third it dis- 
appears completely. The flesh of animals which have died of this dis- 
ease is consumed without any ill effects by the nomadic tribes of the 
Caucasus. 

■ T. Praktisclie Bemerknngeii fiber die im Eaukasus Tschichir (Hromatntia) gen- 
aoQte Kiankheit dea Homvkhs. Med. Ztg. BueslandB, St. PeterBbnrg, 1853, x, 209. 
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PRACTICAL OBSERVATIONS AND CONCLUSIONS. 

It will undoubtedly be conceded by all impartial readers of the fore- 
going pages that the economic value of the results derived teom these 
iavestigations is very promising. As yet they are undeveloped, how- 
ever, and their true importance can not be estimated. Experiments 
must be built upon them in various direetioES. These we have thus far 
been unable to undertake, owing to the large amount of labor involved 
in determining the relation of ticks to the disease. In the following 
pages, in addition to deductions immediately available lu the control of 
this disease, a few suggestions are made in regard to the objects to be 
attained by farther investig^ations and the manner in which they should 
be conducted. Those readers technically interested in carrying on 
such investigations will undoubtedly have read between the lines of 
the foregoing chapters all that can be suggested here. 

DIAGNOSIS. 

One of the immediate results of the work is the simplicity and ease 
with which an outbreak of Texas fever can be positively determined. 
Most veterinarians and pathologists are able to recognize Texas fever 
when an acute case presents itself for post-mortem examinatiou. The 
greatly enlarged spleen, the pecuUar coloration of the liver, the 
thick bile, and especially the hemoglobinuria are so obvious that no 
one trained to a knowledge of the appearance of the healthy organs and 
excretions in cattle can make a mistake. But all cases are not in the 
acute stage at the time of death, and one or several of these important 
pathological changes may be missing or barely recognizable when 
present. In fact, there may be no animals which can be sacriflced, and 
all may be on the road to recovery. In such cases even the clinical 
signs, such as the high temperature, may be missing. 

Among the diagnostic characters to be added to the list are the 
examination of the blood and the presence or absence of the cattle tick 
{Boiiphilus bovis). We may now consider it demonstrated that Texas 
fever outbreaks in the Worth are not possible without the cattle tick. 
Isolated cases may occur through other agencies perhaps, but no general 
infection of fields or pastures is possible without the cattle tick. Hence, 
in any doubtM disease where Texas fever is suspected, ticks should be 
looked for, and in doing so all those facts concerning the size of the 
ticks on animals in the acute stage and during recovery and their loca- 
tion on the body must be borne in mind. On aiumals which have 
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passed through the disease the ticks are nearly or quite full grown and 
therefore easily detected. But even when great care is exercised the 
ticks may be overlooked or in a late fall infection they may have 
speedily disappeared. In such cases the examination of the blood will 
give the necessary iuformation. This requires some skill, and a good 
microscope with objectives and oculars giving a magnification of Dot 
less thaii 500 diameters is necessary. The method of examination as 
well as the pitfalls to be avoided in interpreting appearances under 
the microscope have been discussed at length, and need not be again 
referred to here.* While the presence of the micro-parasite within the 
red blood corpuscles and the changed size and appearance of many of 
the corpuscles themselves are usually of sufBcient diagnostic value, it 
is always desirable that the number of red corpnscles be estimated at 
the same time. 

In the microscopic examination of the blood attention should be paid, 
first of aU, to the presence of the varions stages of the micro-parasite. 
In the mild type, the minute coccus-hke body will be found within the 
corpuscle, near its periphery. As it is rarely seen ui fresh prepara- 
tions, stained preparations shonld invariably be examined. In the 
acute type of midsummer, associated with high fever, the larger, 
paired, pyriform bodies are always present, but usually in very small 
numbers. They may be detected as readily in fresh blood carefully 
mounted as in dried and stained preparations. Next in importance to 
the micro-parasite of the disease are the changes induced in the blood 
corpuscles by the ansemia. In fresh blood the variation in size of the 
individual corpuscles and the very large size of many (from one and 
one-half to one and three-quarters times the diameter of the normal 
red corpuscles) is at once apparent. In properly stained preparations 
the peculiar granulations and the diffusely stained appearance of a 
greater or smaller number of the large corpuscles as depicted on Plate 
IX and other plates is quite characteristic. These changes may, of 
course, be the result of very severe, repeated hemorrhages, and these 
must be excluded first before the former can be considered as due to 
Texas fever. The changes in the blood corpuscles may be directly 
associated with the parasite in the mild type, but they usually follow 
the parasite in the acute type. Hence they may be the only indica- 
tion of disease recognizable under the microscope in some cases. 

A reduction in the number of corpuscles is a very reliable sign of 
Texas fever. If we except the occurrence of severe hemorihages and 
the feeding of chemical poisons, their number is but slightly, if at all, 
influenced by diseases of various kinds. In several cases of advanced 
tuberculosis no reduction was noticed. In fact there seems to be but 
little specific action of bacterial poisons on the red corpuscles, while the 
Texas fever microbe limits its destructive action entirely to them. 
Auiemia in cattle seems to be rare, as we found it but once among the 

■Page 42. 
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many cases under observBtiou. Hence the conntiDg apparatus is of 
great service in detecting Texas fever id all its pliases and should be 
used whenever possible. 

A Bummary of the diagnostic characters to be looked for when this 
disease is suspected would include among others the following salient 
ones: 

(1) Cattle ticks. 

(2) Oross pathological changes : Htemoglobinuria; enlarged spleen ; 
enlarged, yellowish liver; thick, flaky bile; eechymoses on the external 
and internal sar&ces of the heart. 

(3) The micro-parasite within the red corpuscles. 

(4) Modified or changed corpuscles {enlargement, the presence of 
stainable granules, etc.). 

(5) The reduction in the number of red corpuscles. 

PEBVENIION. 

Texas fever in the territory outside of the enzootic region is the re- 
sult of the distribution of ripe egg-laying ticks by cattle firom the en- 
zootic region. Hence such cattle should not be allowed on uninfected 
territory during the warmer half of the year. It is also evident that 
all cars carrying Southern cattle contain a larger or smaller number of 
ticks which have dropped off during the journey and which are ready 
to lay their eggs. The sweepings of such cars, wherever deposited, 
may give rise to a crop of young ticks and these, when they have access 
to cattle, will produce the disease. Wherever Southern tick-bearing 
cattle are kept within twenty-flve to thirty days after their departure 
from their native fields they are liable to infect such places, since it re- 
qnirm the period mentioned for the smaller ticks to ripen and drop off. 
But under special conditions even this period is too short and the 
Southern cattle may remain dangerous a longer time. This would occur 
when such cattle remain in any one inclosnre long enough (four to five 
weeks) for the progeny of the first ticks which drop off to appear on 
the same cattle. 

The above points are covered in the regulations of the Department 
of Agriculture concerning cattle transportation. These regulations 
insist on the complete isolation of cattle coming from the permanently 
infected territory between March 1 and December 1 of each year and 
on the proper disinfection of the litter and manure from such cattle 
daring transportation. Furthermore such cattle can only be trans- 
ported into uninfected territory for immediate slaughter during the 
prescribed period. These regulations if properly carried out would pre- 
vent the appearance of Texas fever at any time in those areas north of 
the enzootic territory. The only question which now presents itself 
with reference to them is the efficiency of the prescribed disinfection. 
It has been shown that the infection resides only in the cattle ticks 
and their eggs; hence the destruction of these is absolutely essential 
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to make the disinfection of any value. In the present report this qnes- 
tioQ haanot been touched upon; therefore, pending the trial of various 
disinfectants, which is now going on, any discussion or any suggestiona 
are of little value. 

The harmlessness of Sonthern cattle after being deprived of the 
cattle tick brings np the very important question whether such cattle 
can not by some means be freed from ticks so that their transportation 
may go on withont any restriction during the entire year. There are 
several ways in which experiments might be undertaken. Cattle might 
be subjected todisiufecting washes of various kinds, or else they might 
be run through disinfecting baths which expose the whole body to the 
action of the liquid used. Such processes would require careful atten- 
tion. The survival of a very few ticks might lead to serious conse- 
qnences, since a single npe tick averages about 2,000 eggs. 

Cattle may be deprived of ticks on a large scale without the use of 
any disinfection if the following plan be adopted : Two large fields in a 
territory naturally free from cattle ticks are inclosed. The tick-bearing 
cattle are put into the first inclosure and kept there about fifteen days. 
They are then transferred to the second inclosnre for the same length 
of time. Thirty days after the beginning of their confinement they may 
be considered free from infection. The reason for this procedure is sim- 
ple enough. The cattle drop the ticks as they ripen in the inclosures. 
By being transferred to a second (or even a third) inclosnre they are 
removed from the possible danger of a reinfection by the progeny of the 
ticks which dropped off first. It is evident that such inclosures can 
only be used once a season, since the young ticks subsequently hatched 
remain alive for an indefinite length of time on the ground. Such in- 
closures must not be located where there is a possibility that the ticks 
might survive the winter. 

For cattle which are introduced into the enzoStic territory two modes 
of prevention may be adopted. Either they are kept entirely free from 
ticks by confinement in stables or upon pastures known to be free from 
ticks, or else they are exposed to the infection in such a way as to be- 
come insusceptible to it after a time. The first method is open to the 
objection that ticks may at some time accidentally gain access to such 
cattle and produce a fatal disease. The second method seems the mote 
rational, provided it can be successfully carried out. We know that 
Southern cattle are insusceptible to the disease, and the way in which 
this insusceptibility has been acquired has been already discussed (p. 
130). Young animals seem to be largely proof against a fatal infection, 
although they are by no means insusceptible. The repeated mdd attacks 
to which they are subjected finally makes the system indifferent to the 
vims. The Introduction of young animals into the permanently infected 
territory, though not without danger, is far safer than the introduction 
of animals older than one year. The danger of a fatal infection in- 
creases with the age of the animal and is very great in cows over 5 or 
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6 years old, as is distinctly shown by the experiments recorded in this 
report. 

The subject of preventive inoenlation has already been discusBed and 
experiments cited on page 132. It has been shown that while in gen- 
eral two mild attacks may not prevent a third attack, this will not be 
fatal. One very acute attack will usually prevent a second severe 
attack. Hence it is possible to prevent cattle, even when, f^rly along 
in years, from succumbing to a fatal attEick by several preliminary 
carefully guarded exposures to a mild infection. This infection may 
be produced by scattering ripe ticks in an enclosure, or by placing 
young ticks on cattle in the fall of the year (page 135). Protective in- 
oculation of this kind should be carried on at some locality outside of 
the enzootic territory carefally chosen for the purpose. A few years of 
careful experimentation would probably lead to an efficient method 
which, when definitely formulated in all its details, could be appbed in 
different parts of the country. Such experimentation should, of course, 
pay special attention to the relative sasceptitnlity of the various higher 
grades of cattle, a matter which we have been unable to touch npon 
thns far. 

What can the individual farmer or stock-owner do in the event that 
Texas fever has been introdnced into his pastures 1 From what has 
been said thus far pastures which have been infected by Southern cattle 
or ticks from the litter and manure of infected cattle cars should be 
avoided during the entire summer season. WhUe we know that young 
ticks may remain alive in jars for two or three months without food, it 
would be premature to conclude that such is the case on pastures, as 
the conditions are quite different. Yet everything seems to point to a 
long sojourn of young ticks on infected fields, and pending the carrying 
out of experiments to test this question we would recommend that 
native cattle be not allowed to graze on infected fields untU after the 
first &osts, tbr even a mild attack iu ^1 before the ticks have been 
destroyed by frosts is debibtating to cattle. The period of time during 
which infected localities remain dangerous varies, of course, with the 
latitude, and would be shorter the colder the cUmate. 

The infection of stables, stalls, and other structures with the ticks 
should be counteracted by thorough disinfection. The adult ticks and 
the eggs must be destroyed. As stated above, we know as yet very 
Uttle concerning the agents which will destroy the I'itality of the eggs 
of ticks, but the use of water near the boiling point may be sufficient, 
if liberally applied, to destroy the life of the embryos. In the case of 
litter and manure heaps the thorough saturation with some strong 
mineral acid in dilution may accompUsh the purpose. Ordinary bme, 
slaked or unslaked, densely sprinkled over infected places so as to form 
a continuous layer may be recommended. The slow incrustation of the 
egg masses with carbonate of lime may be expected, provided the 
manure is under cover. Otherwise it will be washed away and may 
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leave the eggs uaharmed. In regions outside of the enzootic territory 
the absence of ticks may be accounted for by the severity of the winter; 
hence in unprotected localities disinfection is unnecessary after the 
winter has set in. Bat it may occur that iu sheltered places the eggs 
will winter over and the ticks reappear the following spring. Whether 
such ticks are likely to produce auy serious ti-ouble in the absence of 
Southern cattle we are unable to state definitely. All that we know ia 
that disease may break out when Southern cattle of the preceding 
year are in the pasture, as was deraoustrated accidentally in our investi- 
gations during 1891. {See p. 120 and No. 154.) Hence all infectedma- 
terial should be freely exposed to the frost, even though treated with 
disinfectaruts beforehand. 

TREATMENT. 

If the disease is suspected iu a herd, the animals should be searched 
thoroughly for the presence of small ticks and the temperature of every 
animal taken with a clinical thermometer with which every stock-owuer 
should be provided. This, which should be 5 inches long, is inserted 
well into the rectum and held there 3 to 5 minutes. If the temperature 
islOi^ tol07° i'., fever is present. The combination of ticks and fever, or 
the presence of the former in a locality where they do not naturally exist, 
may be considered a sure sign of the iminineuce of Texas fever. Though 
there are at least two species of ticks regularly infesting cattle in the 
permanently infected territory, these remarks can apply only to the 
species described in this report, since we know nothing as yet of the 
fever-producing capacity of the other species {Amblyomma umpunctata). 

In case the ticks are found on the cattle they should be carefully re- 
moved and the cattle transferred at once to uninfected grounds. The 
cattle should be repeatedly examined for ticks and all fonnd destroyed. 
While the change of pasture and the removal of ticks may not prevent 
the attack nor cut short the disease after it has once shown itself, we 
feel certain that fewer animals will succumb to it. A single Infection 
is sufficient to cause severe and prolonged disease, as is shown by the 
injection of iufected blood ; bnt the mortality seems to be lower than in 
natural exposures, where the infection is intensified with eveiy addi- 
tional tick. 

We are unable to recommend any specific remedies to be applied 
after the disease has appeared, because none have been tried as yet. 
Quinine and its various preparations fed or injected under the skin 
may prove of value in destroying the parasite, or perhaps methylene 
blue, recently recommended for malaria, may be of some service. We 
hesitate, however, to do more than suggest these remedies, since their 
efficiency should first be carefully tested by well-planned experiments, 
which should only be undertaken on a large scale with a sufficient 
number of control animals and guided by a repeated ezammatdon of 
the blood. ^-. ■ 
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The general indications to be followed in attempting to save diseased 
animals are perfect rest in a sheltered place. Sick animals should not 
be driven or excited, for the condition of the circulation is such that 
any effort may bring about rupture of blood vessels and lead to speedy 
death. The heart, moreover, is always seriously involved and should 
not be strained in any way. Agaiu, the exposure of sick cattle in the 
sun's heat without shelter is liable to increase the already abnormally 
high temperature. "We have, in fact, observed ou unsheltered fields 
during very hot days a rise of from 2 to 3 degrees F. in presumably 
healthy cattle during the day, which we must attribute to the eftect of 
the sun's beat. A sheltered place, preferably in the open air, in which 
the sick animal remains free from the annoyances of other animals, is 
therefore best suited to its condition. An abundance of pure wat«r 
should be supplied to aid the overtaxed liver and kidneys to excrete 
their abnormal products in a more diluted condition. The food given 
should be readily digestible. It may be on the whole better to with- 
hold food entirely until the high temperature begins to subside, since 
the various digestive organs are in a congested state and not in a con- 
dition to do any work. 

The disinfection of infected pastures is out of the question, and 
must be left to nature in winter. They may, however, be used for 
sheep, since we have found these animals unharmed after grazing ou 
them during an entire summer. It is highly probable that all other do- 
mesticated animals may run over sach pastures with impunity, since 
Texas fever outside of the bovine species has not yet been observed. 

CONCLUSIONS. 

(1) Texas cattle fever is a disease of the blood, characterized by a 
destruction of red corpuscles. The symptoms are partly due to the 
anfemia produced; partly to the large amount of debris in the blood, 
which is excreted with difflcnlty, and which causes derangement of the 
organs occupied with its removal. 

(2) The destruction of the red corpuscles is due to a microorganism 
or micro-parasite which lives within them. It belongs to the protozoa 
and passes through several distinct phases in the blood. 

(3) Cattle from the permanently infected territory, though other- 
wise healthy, carry the micro-parasite of Texas fever in their blood. 

(4) Texas fever may be produced in susceptible cattle by the direct 
inoculation of blood containing the micro-parasite. 

(5) Texas fever in nature is transmitted from cattle which come 
from the permau entJy infected territory to cattle outside of this terri- 
tory by the cattle tick {Boiiphilm bovis). 

(6) The infection is carried by the progeny of the ticks which 
matured on infected cattle, and is inoculated by them directly into the 
blood of susceptible cattle. 
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(7) Sick natives may be a source of infection (when ticks are present), 

(8) Texas fever is mere fatal to adult than to yonng cattle. 

(9) Two mild attiutks or one severe attack will probably prevent a 
subsequent fatal attack in every case. 

(10) Sheep, rabbits, guinea-pigs, and pigeons are iasoseeptible to 
direct inoculation. [Other animals have not been tested.) 

(11) In the diagnosis of Texas fever in the living animal the blood 
should always be exatoined microscopically if possible. 
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DESCRIPTION OF PLATES. 

Every figure illastrativeof red blood corpuscles containing the para- 
sites or modified by tiie disease, was made &om one field of the micro- 
scope, and this only, unless especially mentioned to tlie contrary in the 
descriptions below. The drawings are therefore eqairalent to photo- 
graphic reproductions, in so far as nothing was omitted firom the field 
or inserted from other fields (with exceptions to be g^ven). The slight 
difi'erences in the coloring is due to the different intensity of the stain 
in the preparations, and was copied as accurately as possible by the 
artist. 

'I'he preparations illostrating blood corpuscles were all drawn with 
the aid of a Zeiss apochromatic objective, 2iniu, 1.30 n. a. and the meas- 
urements made with the compensating micrometer ocular Ko. 6. The 
occasional variation in the magnification is due to the fact that the 
earlier drawings were made with the draw tube in, the later ones with 
the tube length so adjusted that each division of the ocular micrometer 
was exactly eCjuivalent to 2 ;i. The history of the cases from which the 
drawings were made may be found recorded in detail in the appendix. 

Platb I. Diseased and bealCh; spleen. 

Fig. 1. Spleen of No. 130. The amallerTentralendiBlieierepileBented, Weight 
of entire spleen 6} pounds 

Fig. 2. Spleen of haalthj steer killed for heef. The same region selected as in 
the diseased spleen. Weight 2f ponnda. 

Note the euormoos enlargement of the diseased spleen, the almost blockish 
appearance of the pulp, and the concealment of the trahectilte and Halpigh- 
ian bodies as compared with the healthy spleen. The ratio of the weight of 
the diseased to that of the healthy spleen is Li this case 08 2| to 1, while the 
weights of the animals is as 2 to 3 (800 to 1,200). 
Plate II. Diseased and healthy liver. 

Fig. 1. LireiofNo. 50. The fignie shows the cntsoiface at right angles tothe 
peritoneal surface. 

Pig. 2. Cat surface of the same liver enlarged two diameters to show the diatri- 
bntiou of the yellowish zones along the oonrse of the hepatic vessels. 

Fig. 3. Cut surface of healthy liver. The coloring is not properly reproduced 
in Uiis figure. , 

Fig. 4. Section parallel to the peritoneal surface of &eeh liver from No. 106, in 
iodized semm. Slightly magnified. The yellow regions correspond to the 
regions in which the bile capillaries are distended with bile. 
Plati! III. Bile stasis and hiemoglobinuria. 

Fig. 1. Section from liver of So. 130. Cnt on freezing microtome, stained In 
alum carmine, floated upon the slide, dried in thermostat and mounted in 
xylol balsam. Drawn with Zeiss apochr, 4 mm. and oompens. ocular 1. Out- 
lined with camera Incida. (x 250.) The hepatic cells are shown to be in- 
closed in a network of bile oanaliculi distended with rods of solid bile. 
The space to the left tepresents the intralobular vein. 
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Plate III — Cod tinned. 

Fig. 2. From a fresh section of liver of No. 144, allowing tiie network of injected 
bile oiuoaJiaiili and the needle-like, red crystals. 

Fig, 3. Rods of solid bile obtained from teased preparations of the liver of No. 
184. {X 1,000.) 

Pig. 4. Urine from No. 80. 
Plate IV. Microurganism of Texas fever. 

Fig. 1. Blooil from a skin incision of No, 74, taken September 30, 1890. The 
blood was spread in a thin layer on a cover-glass as described in the text, 
driedintheair. Subseciuentlybeatod for one to two honrs in adry hot-air oven 
at 110^-120° C. Stained for two to three minutes in Loffler's alkaline methy- 
lene blue, washed in water, then dipped for a moment in a one-third per cent 
solntioa of acetic acid, washed again, dried in the air, and finally mounted 
ill xylol balsam. The micio-parasite is represented bj the exceedingly minnte 
blue points within the red corpuscles. 

Ill this preparation the infection is shown to be very extensive. This is 
the only case in which the parasite was detected in this exceedingly minute 
stage. (X 1,000.) 

Fig. 2. Cover-glasa preparation of spleen palp fromNo. 70. Stainedas described 
in Fig. X above. The intraglobular bodies are slightly larger than those 
of Fig. 1. {X900.) 

Fig. 3. Blood from a skin incision of No. 160. Prepared November 7, 1891. 
Method as described. The small bodies are situated within the red cor- 
puscles near the periphery. The large red corpuscle in the center containing 
a nnmber of stained partiolea of different sizes is a result of the loss of 
corpttscles, or au«mLa. (x 1,000.) 

Fig. 4. Cover-glass preparation from kidney of No. 130. Method of fixing and 
staining as described abov e. The large, bine body in the center of the group is 
one of the cellular elements of the kidney. The parasites are usually in pairs, 
and roundish. This form is generally asannied in the dead body. ( x 1,000. ) 

Fig. 5. Preparation made by rubbing a piece of the heart muscle of No. 186 on 
a cover-glass, drying and staining as before. In this way the blood corpus- 
cles from the smaller vessels and capillaries are obtained. The large bine 
body represents a leucocyte. The parasites are mostly in pairs and pear- 
shaped. (X 1,000.) 
Plate V. 

Fig. 1. Cover-glasB preparation of spleen pnlp from No. 86. The two large bine 
bodies represent cell elements of the spleen pnlp, and the uniformly bluish- 
pink body represents an "anssmic" red corpuscle. The reil corpuscles are 
mostly larger than normal, owing to the anemic condition indaced in the 
animal before death. Many parasites are in pairu and have assumed the 
spherical form. The animal had died in the night. ( x 1,000.) 

Fig. 2. Preparation made as before from blood taken from a skin incision of No. 
106, August 27, 1S90, less than twenty hours before death. The appearance 
of the infected corpasoles in groups, a't shown in the figure, was especially 
marked in this animal. The parasites are mainly in pairs, and pyriform. 
The stained body on the right is a white corpuscle. The large parasite in 
a corpuscle to the left was drawn in from an ad,iacent field. The reddish 
color of the stained bodies is dae to the fact that the preparation was diswn 
while stilt mounted in water, which partly dissolved out the coloring matter. 
(X 1,000.) 

Fig. 3. Cover-glass preparation of blood taken from a skin incision of No. 185, 
October 9, 1891. (Case of intravenous injection of Texas-fever blood.) On 
this date only about 1,000,000 red corpnscles in a cmm. All objects within 
the dotted line are in one field of the microscope. The rest are drawn in 
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Platb V — Continaed. 

fl^oin other fields in the same preparation, a lepresonts modified red corpns- 
cIbs, b a lencocyte, o a hematoblast, aad d the iinraaitea. Note the varia- 
tion in the tiizu of the ted oorpnaoles. The parasites ate maiuly in pairs. 
They vary ia size and form, and perhaps represent stages of degeneration. 
(X 1,000.) 
Plate VI. Microorganism of Texas ferer. 

Fig. 1. Vascular (tinges on omentum of Ho. 130, crushed on cover-glass. Dried 
and stained aa before (X 1)000). Shows the extensive infection of blood cor- 
puscles in the capillaries. The targe bine body represents a cellular ele- 
ment. One corpuscle shows a double infeotiUD. The paraaitas are mainly 
pyriforra. 

Fig. 2. Ileartmascleof No. 130, cmshed on cover-glasa, dried and stained to ehoir 
presence of parasites freed by the disintegration of the infected oorpuBcles. 
One corpiiBole in the lower part of the figure to the right showa faintly. The 
two pairs of free parasites above are drawn in from another field. 

Fig. 3. Preparation from kidney of No. 74, showing (be large number of freed 
parasites in addition to an extensive infection of the red oorpusoles. The 
free bodies largely in pairs. 

Fig. 1. Infected corpuscle, unstained, from cutaneous blood of No. 56, collected 
November 28, 1S90. Each pyrifoim body is provided with k minute dark iKidy 
not seen in stained preparations, (x 1,000.) 

Fig. 5. A. similar pair of parasites, unstained, from No. 130. Taken. December 
30, 1890. (X 1,000.) 

Fig. 6. A spherical form from the same case at the same time. 

Fig. 7. Stained corpuscle from cutaneous blood of No. 137, prepared Novem- 
ber 6, 1890, shortly before it was killed, showing how large these bodies 
' may occasionally become with reference to the enveloping corpuscle. Note 
also the peripheral stain. 

Fig. 8. Free parasitea not infrequently observed in crushed, fresh, and nnstained 
preparations from heart muscle of various cases. They are seen usually in 
pairs. 

Fig. 9. A series of corpuscles containing bright motile bodies, observed both in 
health and disease. Somewhat coarsely outlined. 

Fig. 10. Path of one of the bright motile bodies within u red corpuscle, as ob- 
served during a period of 15 minutes. Sketched from a fresh preparation of 
cutaneous blood from No. 107, August %, 1890. 

platr vn. 

Fig. 1. Capillary from heart musde of No. 181. From tissue hardened in Mill- 
ler's fluid and alcohol. Sections out after imbedding iu parafSn and fks- 
tened to the slide with a few drops of 70 per cent alcohol. Stained for an 
hour in Ehrllch'e acid hematoxylin ondeosin, dehydrated in alcohol contain- 
ing eosin, cleared in elove oil, and mounted in xylol balsam. Tbure are a con- 
siderable number of paraaitee in pairs within the red corpuscles, the ma- 
jority of which show only in outline, since they have lost their coloring 
matter, probably as a result of disintegration, (x 500.) 

Fig. 2. Capillary fh>m the medullary portion of kidney of No. 186. Nearly 
every corpuscle contains a pair of parasites. Those drawn in shadow below 
the optical section in focos are also infected. The section wiis prepared in 
the same manner as detailed above, with the exception that it was not 
fastened to the cover glass and not passed through eosin alcohol. (X 500.). 

Fig. 3. Capillary containing infected corpuscles almost exclusively. From a 
teased preparation of fresh spleen pulp of No. 131, in iodized serum. The 
unstained parasites appear as minute ronnd white spots in the corpuscles. 

(xeoo.) 
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Plate YIU. Amceboid changes of the microorganism of Texas fever. 

Fig. 1. Fresh preparatioD of blood from No. 69, five hoara poat-mortem. Prep- 
antion Mated with paraffin and kept in a warn chamber with microscope 
ftt 35°-40° C. Sfaoving changes of form in an iutraglobnlsr parasite. 

Nob. 1 1« 6, changes going ou as fast as couid be sketched. 

NOH. 7 to 15, sketched twenty minutes later. 

Fig. 2. An intraglobiilar parasite in subcutaneous blood of No. 95 a few hours 
before death, showing changes of outline. 

Fig. 3. Another parasite from the siiuie source, showing siniilur changes. 

Fig. 4. Parasites showing a nuclear (I) body &om the same sonrce. 

Fig. 5. Similar parasites sketched j>odi the fresh cutaueous blood of No. 90, 
shortly before death. Note the different forms and relative positions oocn- 
pied by the intraglobular parasites as well as the presence of the unclear { f) 

Plate IX. Modified or embrfonio red corpuscles after severe hemorrhage and after 
Texas fever. 

Fig. 1. Blood from sheep No. 160, upon which venesection had been piaoidced. 
prepared July 7, 1890, after the number of red corpuscles bad been reduced 
ftom 11 to &i millions. Dried and stained as described for Fig, 1 on Plate it. 
Note variation in the size of the normal corpuscles and the presence of large 
oorpuscles containing a large number of stained particles ot grannies of 
variable size. (X 1,000.) 

Fig. 3. Another field from the same preparation, showing also a tinted form 
without grannies. (X 1,000.) 

Fig. 3. Cutaneous blood from cow No. 168, drawn August 12, 1891, after the red 
corpuscles had been reduced by venesection from 6} to 2 millions. Stained 
as indicated in Fig. 1. Note the presence of large and small granules in 
the corpuscles; also a uniformly stained corpuscle, (x 1,000,) 

Fig. 4. From another Held of the same preparation, showing two large eorpnscles 
containing stained grannies. (X 1,000,) 

Fig. 5- Cutaneous blood from No. 160 (case of Texas fever). Preparation made 
November 12, 1891. A corpuscle on the left contains a Texas-fever parasite. 
(X 1,000.) 

Fig. 6. Another field of the same preparation, showing uniformly stained as well 
as granular red corpuscles. Note also the great variation in size of the cor- 
puscles having a normal appearance, (x 1,000.) 
Plate X. The cattle tick— the carrier of Texas fever. 

(Figs. 1, 3, 4, and 5 were drawn under the direction of Dr. Curtice. Nos. 4 and 
5 were slightly modified before insertion.) 

Fig. 1. A series of ticks from the smallest, just hatched from the egg to the ma- 
tured female ready to lay bggs. 

Fig. 2. Eggs magnified B diameters. 

Fig. 3. The young tick just hatched (X 40). 

Fig. 4. The sexually mature male after the last moult. Dorsal view. ( x 10. ) 

Fig. 6. The sexually mature female after the last moult. Dorsal view. (X 10.) 

Fig. 6. Aportionoftheskinof thendderofNo. 140. (Ticks artificially hatched 
and put on when small.) 

Fig. 7. A portion of the ear of the same a-niTnal, showing adults ready to drop 
off and lay their eggs. 
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PLATE VIII 



PARASITE IX THE BLOOD CORPUSCLES. 
rig3.l,2 and 3 show amoeboid chantieB. 
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MODIFIED (Embryonic) RED BLOOD GORPT.'SCLES AFTER 
SEVEHE HEMOKKHAGE AND AFTER TEXAS FEVER- 
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APPENDIX. 



EXPLANATOBT INTRODTIOTION TO NOTES AHD TABLES. 

In the following pageB will be found the variona observationB apon 
the cases of Texas fever Investigated upon which the dedactions in 
the foregoing report are based. They consist of clinical, pathological, 
bacteriological, and microscopical observations, and are given ag fully 
as is possible without going into frequently repeated details. The terms 
used will not in general be intelligible without the test and the Dot«8 
as a whole are not intended to replace this. They may in fiict be en- 
tirely passed over by those not especially interested in the methods 
and details of the work. 

The cases are arranged with regard to the numbers which the ani- 
mals accidentally bore and not with regard to the experiments of which 
they formed a part. This method was adopted to facilitate reference 
while reading the text in which the general plan of all experiments 
may be found. Frequent reference is made to special cases by the 
numbers of the animals, and the appendix may thus be regarded as 
a kind of index to the text. This plan of transferring the greater 
part of the experimentiil detail to a compact appendix is tried with the 
hope that it will make the text less bulky and hence more readable, 
while including everything that may be necessary to an impartial 
judgment on the part of the reader. The arrangement therefore throws 
cases together which perhaps belong to different experiments in differ- 
ent fields. But the material has grown so bulky that any other ar- 
rangement would be more confusing than this seems to be. As the ap- 
pendix has been entirely subordinated to the text proper the serial 
arrangement by numbers remained the only altermative. It was 
thoaght best to include the temperatui« records of all animals in their 
entirety, and these will be found at the end arranged, not nnmerically, 
but with reference to the experiment to which each animal belonged. 
Under each case the page where such record can be found is given. 

In order to facilitate the reading of the notes the observations upon 
many of the cases have been thrown into a tabular form. This neccs- 
sitatned very brief statements concerniog the condition of the blood 
and the parasite, which in some respects is to be regretted. This tabu- 
larform is, however, so much superior in permitting a ready compari- 
son of the condition of the blood, etc., from time to time, iJiat it was 
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Devertheless nsed in all cases in which the examination of the blood 
was frequently made. 

In the interpretation of the tables the following things should be 
borne in mind: In quoting tho number of red blood corpnscles the 
three last figures have in general been replaced by ciphers to facilitate 
and simplify the rending. 

The sign of equality indicates the same condition as in the column 
immediately preceding. 

The third and fourth columns always refer, unless it is otherwise 
stated, to bodies within the red blood corpuscles. A record haa been 
made of the occurrence of the so called bright bodies described on page 
66 because of a possible connection of some of them with the earliest 
stages of the Texas-fever parasite as suggested on page 68. 

The estimated percentage of infection is not from actual counting of 
the corpuscles in the dried and stained films (as this would have con- 
sumed an amount of time not wiirranted by the results), but is a simple 
approximation or guess from the examination of a large number of 
fields. In those cases in which the infection is very slight and indicated 
by actual figures (as " one bright body," " three pairs pyiiform bodies," 
etc.) these are based on the more or less prolonged examination of a 
single cover-glass preparation. This does not mean, however, that only 
one preparation was examined. Not infrequently three or four in doubt- 
ful cases were examined at different intervals. The same may be said 
of those preparations in which no intraglobular bodies were found. In 
some cases one, in others two or three, wore carefully scrutinized. It is 
of course evident that the absence of all parasites from the blood can 
iiot be predicated when the evidence is based on the examination of a 
very small quantity of blood. It may be said that at least several 
thousand red corpuscles were ]>assed in review in every preparation. 

Attention is likewise called to the fact that the two columns giving 
the result of the examination of the blood in the fresh and in the dried 
and stained condition are nut necessarily identical, but supplement one 
another as to the information given. Thus the minute bright, intra- 
globular bodies are visible only in fresh blood. The reverse is true ot 
the earlier coccus-like forms of the parasite, which are rarely visible in 
the fresh blood. 

The fifth and sixth columns of the tables refer to the condition of the 
red corpuscles at tlie time of the examination. The importance of a 
recognition of their condition in the study and diagnosis of Texas fever 
has been fully discussed on pages 46 and 146. 

The record of the pulse and respiration is not reliable in many cases, 
owing to the excitability of the animals on being caught. This unre- 
liability disappears more or less during the fever, since they are then 
easily caught and manifest little if any excitement. 

In the notes on the individual eases, facts obtained by subsequent 
microscopical and bacteriological examination of tissues have been 
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placed with the gross post-mortem notes to aimpUQ' the arrangement. 
For instance, the resnlt of the examination of hardened tissues, which 
in a few cases was delayed a year or even longer, is quoted in the post- 
mortem notes, thereby bringing all the observations upon any one 
organ together. In some cases discoveries have been anticipated in 
rewriting the notes. Though the cause of the minnte worm pits in 
the fourth stomach was not recognized until the fall of 1890 (see page 
33) the lesions in some earlier cases have been referred to the strongyle 
in writing up the notes for publication. 

In general, the notes of the later cases are ftiller with reference to 
the microorganism, and perhaps more exact, and the reader is referred 
to them more particularly. It was thought best, however, to include 
the notes of all the cases which have entered into the field experiments 
in order to preclude any doubts in the mind of the reader as to the cor- 
rectness of the inferences drawn from these field experiments. Many 
of the notes are, therefore, merely of diagnostic value, and their mea- 
gerness in other respects is excusable on the ground that it was a 
physical impossibility during the prevalence of the acute disease in 
summer to do justice to all cases which came under observation. 

For the diagrams of the field inclosures see pp. 94, 99, 102, and 108. 

SOME PRELIMINARY BACTERIOLOGICAL OBSERVATIONS. 

The following obaervationa were made on material bionght to the lahorator; in 

WMhington, D. C. CaseH No. 1 and 2 belonged to an outbreak near Hamilton, Va., 
in 1886. Cases No. 3-6, iQcilusiva, belonged to an outbreak in Carroll County, Md., 
in 1888. Dr. Cooper Curtice reported the Geld notes of tbis oatbroak in the volnme 
compriBing the fourth and fifth annual leportB of the Bureau of Animal Industry 
{p. 429): 

Cate 1 — (AnguBt 30, 1886). Spleen from a case of Tesaa fever which bad died during 
the ntgbt at Hamilt(>n, Va. Aboat four times the normal size. Wrapped in cloths 
saturated witb a one-tenth per cent solution of mercuiio chloride, brought to the 
laboratory and kept on ice until neit morning. Cultures were made from the 
spleen pulp which was very soft, dark-colored, by making several sncoeMive iuoisions 
with sterile knives and withdrawing bits of pnlp with loops. 

Sept«mbeT 1. — Three tubes of neutralized beef infUsion peptone, into which small 
bits of the pulp had been dropped, were faintly clouded to-day. One contained two 
forms of bacilli, a slender and a plump form; the second, a large baoillne and a 
micrococcus ; the thfrd, a large spore-bearing bacillus and a slender one. Two tubes 
of the same culture liquid, into which the platinum loop previously forced into the 
spleen pulp was dipped, remained sterile. Of two tubes of blood serum, inoculated 
with bite of spleeu tissue, one remained free from growth, the other contained a plump 
bacillus. Several gelatin-plate cultures made at the same time remained free from 
(p-owth. 

A portion of the same spleen was kept in a warm room fbr one day wrapped in 
sublimated cloths. The pulp then examined microscopically contained two forms 
of bacilli, a plump and a slender form, the former in chains, the latter predominat- 
ing in numliers. Three tubes of gelatin inocnlated therefrom were liquefied in a 
few days and contained the same orgunism found in the liquid cultures. 

The various forms thus brought to light no doubt found their wayinto the spleen 
soon after the death of the animal, and the want of uniformity in the results of the 
cultivations indicated that nothing could be expected from them. 
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Catel. — Septoinber 1, 1886. Another cow died tliia morning at Hsmilton.ya. The 
Bpleeii WM immediately removed, wrapped in aablimated clothe, and kept on ice 
luitil it oonld be examined next moTning. 

T hin organ ie likewise very large, tbe tisane disiiitegrated and veiy dark. No 
bacteria could be Been in cover-glaas preparations. In or on many red blood-oor- 
pnaolea tbere are email round bodiea perhaps 1 ^ in diameter, centrally or slightly 
eooentpicBlly gitnated, which stain poorly in on aqueons solution of methyl violet, 
very well in methyl violet to which aniline water haa been added (Koob-Ehrlioh 
tabercle stain). Tbey then resemble miciocoooi in size and fotm. Only a few ate 
fonnd ontaide of the corposcles. Unstained they can be seen aa mere transparent 
■paces in the coiposcles. 

Five tabes containing bonilloD peptone were inocnlated from the Npleen, three with 
the platinum loop simply, two with biteof tissne. Sereral agar and one blood sernm 
(beef) cnltnre were also made. All remained sterile. The method of inoonlation 
consieted in tboronghly acoicbing the uninjured capsule, making an inoisionthrongh 
this seotched area with a flamed scalpel, a second at right angleatothia withafreab 
knife. From the latter incision bitsof pnlp were torn away with flamed forcepsand 
transferred on platinum loops to tbe various culture tubes. 

Cote 3.— Cow died at 9 a. m., August 28, 1888, in Carroll County, Hd. The antopsy 
was made by Dr. Fanington at 10 a. m. tsome of the oigans were placed indifferent 
oompartmenta of a leMgerator pail specially constructed for this porpoee, in which 
they were surrounded by a jacket of ice. The temperature of the air in the inner 
compartments varied from 32° to 40° F. No decomposition could thus begin, or con- 
tinue if already begun, while the organs were kept in the pail packed with ice. 
CnltuTCB were made from the various organs as soon as they reached the laboratory. 
The unbroken sQT&ce waa thoroughly scorched and bits of tissue, etc., cut out from 
within this ecarohed area with sterile instruments. 

The spleen is very large, pnip dark and disintegrated. Red blood- corposcles do 
not appear altered. When stained with alkaline methylene blue on cover glasses 
the spleen pulp reveals no bacteria. Four tubes were inoculated with bits of the 
pnIp, two containing bouillon peptone, two agar. After a week all sterile. 

The liver is of a mahogany color, due to the aocomnlation of bile. When a bit of 
the liver tissue is crushed in salt solution and examined unstained under the micro- 
scope the liver cells themaelvea show their nucleus with five or six fat granules 
around it. Each cellis encircled by anarrow band of reddish-yellow material, form- 
ing a polygonal network and representing the bile canaliouli filled with inspissated 
bile. This peculiar injection is even visible on stained cover-glass preparations. 
It breaks up into straight and Y-shaped rods, indicating that it is solid in oonsist- 
«noy. The rods are about 1.5^ thick. 

Sections of liver tisane (hardened in HiilleT'B fluid aodalcohol imbedded in chlo- 
loform parafBn and) atained in alum carmine, show a marked distention of the capil- 
laries of the middle zone of the aoini with red corposcles. The bile canallculi in 
the innermost and outermost zones appear a« a yellow network. The nuclei of the 
cells of the innermost zone have become disintegrated, each appearing as a group of 
TOnndish granules. The middle zone ahows degenerated and normal nnolei mingled 
together. 

Blood oorpQsoles begin to crenate rapidly ; in other respects no changes are man- 

Cnltiues from the liver, three in bouillon peptone and two in agai, contain active 
growths on tbe following day. Nearly all contain the same motile bacillus. It is 
short, with rounded ends. In gelatin-roll cultures its colonies appear in the form 
of very thin, iridescent patches on the surface of tbe gelatin. 

A portion ot the large intestine contained lumps of hard feces. The mucosa was 
considerably reddened from tbe Injection of minute vessels, especially am the summit 
of the longitudinal folds. Numerous roll cultures in gelatin were made from ma- 
terial scraped from tlie surface of the membrane. In most of tbeae tuboa ttio SMO* 
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peculiar iridescent patches appeared, which coosisted of short motile booilli. Two 
mice and » rahhit were iDOcnlated with the scraped, material Hnspended in water, 
Oue mouse died in less than twenty-fonr hotiTs. The apleeu was enlarged to twice 
its Qornial siise. A sero-sanguinolent cedema in the stibcutis of thigh aud abdomen. 
In cultures from the spleen, liver, aud blood the same iridescent oolonies developed 
as those obtiiined irom the intestine directly in cultures. The second mouse died 
a few hours later. Iiocal lesion as in the first mouse; spleen smalL The same bac- 
teria Hbserved in the local <edema, but apparently absent ftom the spleen. An agar 
culture from the blood develops a rather thick, whitish, glistening growth of the 
same bacteria. The rabbit showed no ill effects aft«r the iuoonlation. 

From the kidney of the oow bits of tissue were transferred to bonillon peptone, 
agar, and gelatine. Of these five tubes one (agar) contains a feeble growth of small 
motile rods. The remaining four permanently sterile. 

At the autopsy the bladder was empty, hence the condition of the urine could not 
be determined. 

Materid from this cow was brought to the laboratory in the refrigerator pail 
September 3, 1888. The spleen is about 8 inches wide in the middle and li inches 
thick. The capsule is so tense that the soflened pulp wells out wherever an 
incision is made and is so soft as to be readily broken up with a stout platinum loop. 
A bit of the pulp placed in salt solution, under the microscope shows immense num- 
bers of apparently normal red corpuscles. No boeteria seen either in the nnstained 
or the stained preparations. Four cultures made by adding bits of spleen pulp as 
large as split peas remain sterile. A gelatine roll culture contains but one liquefy- 
ing colony. 

Only a small mass of liver tissue brought for examination. It has a peculiar sick- 
ening but not putrefactive odor. The cut siirfuce is yellowish. In salt solution 
the hepatic cells appear tiooly granular with nucleus distinct. Some contain fat 
globules and irregular masses of yellow pigment. The intercellular bile oanaliculi 
are distended irregularly with yellow masses. The iigectlon is not so uniform as in 
the preceding case. On stained cover-glass preparations no bacteria are visible. 

Roll cultures of gelatine show that small bits of liver contain but few germs, as 
only two or three colonies appear iu eaoh tube. The germs of which they are made 
up are probably identical with those found in two liquid and one agar culture. 

In the fourth stomach no lesions are perceptible. The duodenum is filled witli 
brownish food-particles suspended in a thick liquid. The mucosa of the upper small 
intestine is covered with a yellowish white layef resembling in its consistency flour 
paste, and made up almost entirely of desquamated epithelial cells. The mucosa 
itself is injected in patches. Cover-glass preparations as well as roll cultures reveal 
the presence of the same germ found in previous cases. In fact it seems to be the 
only germ present in very large numbers. Two mice inoculated with some sterile 
water in which the pasty intestinal contents were suspended remained well. The 
gall bladder is moderately distended with a thick liquid containing in suspension 
flakes from 1 to 6 """ across, which are very numerous. This abnormal moss is free 
from bacteria according to microscopic examinatioa and roll cultures. The urinary 
bladder had been ligatnred at the autopsy. Speoiflo gravity of the urine was 1020. 
It was yellowish red, slightly alkaline. The bladder contained a large deposit of 
amorphous salts of a pinkish hue, dissolving when heated. Tests showed the ab- 
seuoeofbilcpigments, sugar, and albumen. WhentheurLne was removed the mucosa 
of the bladder near the neck showed a spot abont 1 inch square covered with ecchy- 
moses as large as pin's heads. In order to obtain cultures from the urine the wall 
of the bladder was burned through with a platinum spatula and the urine withdrawn 
with a flamed pipette. About i cubic centimeter was added to a peptone bouillon 
culture, and a gelatine roll culture. One liquid culture became turbid, and a roll 
culture made from this revealed the fact that the germ was identical with the intes- 
tinal geira. The roll and the other liquid cnltn^cs tpm^ined sterUe. 

10320— No. \ 11 .-. , 
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Cote 4 (tteer). — Dr. Curtice's notes are as fullowa : "This animal died September 2, 
aboatnoon. Tlie eiitmiaation was undertaken about two houTB later. Its temper- 
ature about one boor and a half before dying waa 106", taken at two aoparate trials. 
Itseyen were inflamed and whitnnod; after death their interior appeared opaque 
and yellowish. When first seen the animal was standing in the pastuce; it had 
previously been lying down and had paroxysmal attacks, fromoneof wbiohit after- 
wards died. The animal, though the flanks were tucked up, was moderately iat. 
The fat had an orange yellow tinge. The spleen was enlarged and tnmid with 
blood of black-red oolor, and of blackberry jam oonaistenoy. Tbe liver had a heavy 
waiy feel, and a decidedly yellowish oolor. The gall-bladder was normal in size 
and full of bile. The kidneys were overlooked. The urine was very high colored, 
butnotbloody or wine-colored. The abomasnm bad some slightly reddened patches 
on the mucous coat; no ulcerations were seen. The rumen was impacted. The 
small intestine contained occasional dark spots about as large as the head of a lead 
pencil. The prominency of some portions of the villous surface was ii^eoted with 
blood, so that a reddened appearance was presented. The patches of inflammation 
were deeidedly more abundant in the ileum than in thejqnnum. The duodenum was 
blackened on its villons surface, and slight decomposition had set in. The odor 
was fetid. The lungs contained some blood spots, which appeared to have been 
made about the time of death. Some scattered lobules were collapsed. One side 
was empbysomatouB. The thoracic walla near the diaphragm were roughened as if 
from inflammation. The heart showed blood-red spots, which followed the direction 
of the muscles beneath the pericardium. These were more abundant on the left 
side toward the apex. Washed clota stained with yellow were found in each half. 
The surface of the lungs was stainad yellow. The fauces were dark and inflamed, 
bat this inflammation did not extend into the trachea," 

Cate 5 (Arf/CT-).— September 4, This animal died dniing the night. "The examina- 
tion took place about II a. m,, but the morning had been rainy and cold so that 
decompositionhadnot set in to any great extent. She carried a large number of 

"The abdominal cavity contained rather more than a normal amonntof serous fluid. 
This fluid was rather dark. One portion of the mesentery appeared as though there 
were some peritonitis present. The fat was of an orange yellow color. The spleen 
wae enlarged, bnt the color was nearly normal. The liver had a yellowish cast; it 
was beginning to decompose on its concave surface, and more especially toward 
tbat part which was next the duodelium, Tlie gall bladder was tumid and some- 
what larger than normal. The left kidney was very dark colored (ftom decompo- 
sition (I)) on the outside, but apparently sound in the central portion. The bladder 
contained about a gallon of claret-colored urine. The omasum oi manifolds wasim- 
pact-ed. The abomaeum or fourth stomach was normal. The left lung was normally 
contracted, but the right was full and spongy. It presented a yellowish tinge on 
KectioD, The heart presented bright red spots underneath the epicardial serous 
membrane. These spots had their longest dimension in the direction of the muscles, 
and were more abundant in the left portion near the apex. There were clots in each 
side of the heart, and that on the left aide was slightly washed. The pericardial sac 
contained an excess of reddish tinged fluid. The fauces presented but little inflam- 

The organs reached tbe laboratory September 5. The spleen shows the same en- 
largement as the former ones. The pulp is so soft that it wells out as a tarry black 
mass when the capsule is incised. No bacteria were detected on cover-glass prepa- 
rations and tliree bouillon peptone tubes inoculated with spleen pulp remaned sterile. 

The liver was pale, emitting a slightly disagreeable odor. The acini appeared dis- 
tinct and there was no injection of the bile caualiculi observable. In portions of, 
the parenchyma a large bacillus had multiplied. Cultures remained sterile. The 
gall-bladder was distended with a very thick viscid bile scarcely floTring firom th» 
opened bladder. It holds in sospensioit rather course gtanules. 
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The dnodeoum is distended with btownish lemi-solid food debris. The mucosa is 
Bwollen, shining, and discolored, but nothing is fonnd pointing to severe inflammA- 
tory or hemorrhagic lesions. Roll cultures from its nails contain the same germ 
fonnd in preceding caaea, A loop of the small intestine had a slightly putrefactive 
odor; its cootents were tike thnae of the preceding caae. The mucosa ia swollen, 
gliatening, deeply reddened in patches. The roll cultarea leveal the same germ 
t'ouud in the duodenum. 

The kidney presents no abnormal appearance ercepting that the cortex haa a dull 
washed-out appearance. One out of three (2 liq^nid, 1 agar) cnltnres inoculated 
nith bits of tiaane becomes turbid. 

The nrine brought in the ligated bladder has a dark wine-red Color, bat ia clear. 
The apeoifle gravity 1010, sediment slight ; no red blood oorpascles could be seen. 
Ou boiling, a brownish scum rises to the surface and a flaky deposit settles to the 
bottom. Of three liquid cnltnrea receiving in all 1 cnbic centimeter of urine all 

CrMfl 6 (cow). — "This animal died on the night of September 4. Her temperature, 
taken the forenoon before, was 103° F., but in the afternoon it was 106° F. This 
cow, like the other two, had the habit, during the last daya of sickneas, of preaa- 
ing the head agaiuet the wall at times; she waa very weak and ahowel some pain 
when lying down. The examination was made about 9 a. m. The careaaawae but 
little if any deoompoaed. The apleen was enlarged, and had the blackberry Jam 
appearance. This apleen ahowed a marbled appearance of the surface with the mot- 
tling, varying between the normal gray appearance and that due to the blood ahowing 
throngh the serous membrane. The liver seemed slightly enlarged and with a yel- 
lowish tinge, bnt this w;ia not aa marked as in No. 5. The gall-bladder and sur- 
rounding tissues were stained with bile. The fat waa of the orange yellow tinge. 
The kidneys were enlarged and had acute congeation. The bladder was very fnll, 
over one galloo of dark claret-colored fluid being present. The fourth stomach had 
all of its mncoua coat congested. The animal had been drenched the day before with 
Qlauber aalta, and thia may have given rise to thia appearance. The third stomach 
ormanifolda was Btightly impacted. The duodenum waa black in the mucons coat. 
The amall inteatine had numerons small black spots along ita length. The villous 
coat waa reddened and in aome places, more especially the ileum, blaotened by in- 
flammation. There had been some peritonitis indicated by the presence of consider- 
able aerum in the abdominal cavity. The lunga were normal; the extreme tip of the 
right waa affected with worms (Strortgylus mierurm)." 

In thia caae the apleen was likewiae exceedingly large, the pulp disintegrated 
so as to be readily scooped out with a platinum loop. It contains animmense num- 
ber of apparently normal red eorpnsclea. Bacteria seemingly abaent. Two liquid 
onlturea made with pnlp remain sterile. 

Thesurfaceof the liver is smooth, the bile canalicnli not injected. The odor ia 
disi^preeable bnt not putrefactive. Throughout the parenchyma are spots of a more 
yellowish tinge from ^ to jf ineh in diameter. The discoloration is due to the active 
multiplication of a large anaerobic bacillus. Roll and liquid cnltures fh>m bite of 
tissue remain sterile. There ia about 300 oc. of bile in the dialiended gallbladder. 
It ia thick, of a dark amber color, holding in anspension small flakea, These flakes 
are covered with masaea of bacteria and in roll cnltnrea are found later on to be the 
same organlame obtained &om inteatines of preceding coses. 

Sections of lirer tiaane hardened In absolute alcohol, imbedded in paraffin and 
stained in alkaline methylene blue <Loffler'a) are peculiar in appearance. To the 
naked eye they appear mottled. Patches of unstained tissue are inclosed in an ir- 
regular meshwork of atained tissue, both summing op about equal in extent. Un- 
der a low power the unstained areas are quite variable in size and irregular in out- 
line, They border upon tb« oeatral vein of the lobule and evidently begin to ftrm 



,cU,C(>Oglc 



164 TEXAS OB SOUTHERN CATTLE FEVEB. 

there. Two oi throe «ueh patchee rodiate ftvm the center into different directions, 
Bome joining a pateh form a Deigbboring lobule, others extending only a, short dis- 
tance. No lobule is entirely intact. Under a high power (Zeiss 2""", obj. ocular 4) 
the nnetained areas show the cells faintly as yellowish masses of a finely f[rannlap 
character with a faint indication of the nncleus. The peripheral, stained areas 
show the cells with protoplasm very finely vacnolaliSd (effect of the fatty degenera- 
tion T), the nnclei stiU distinot. In the capillaiisB are occasional clamps of yellow 
pigment evidently inclosed in cells. 

In sections &om another portion of the lirer, which are stained in alum carmine, 
and in aniline water methyl violet, the necrotic areas are present only in a shallow 
zone under the capsule. Tberemaiuder of theeectionehows thesame faintly vac- 
uolated condition already referred to. In the alnm carmine section the cell proto- 
plasm leseensprinkled thoroughly with very minnte pigment grannies. In the cap- 
illaries of all regions the Texas fever parasites t^re distinctly (methyl violet stain) seen 
within the red corpuscles which distend the lumen of the vessel. Each corpuscle 
contains apparently but one ronnd coocos-lilce body stained blue (18E>2). 

In 1889 several of the permanent cover-glass preparations of the liver were care- 
fully reexamined. In one preparation stained wlthgentian violet and decolorized 
with acetic acid, intraglobnlar bodies are distinctly visible, though present in very 
small numbers. In some corpuscles there were two bodies, in others bnt one. 
They appeared as ronnd cocci stained blue in the nncolored corpuscle. 

The mucosa of the fonrth stomach is rather dark in color and contains very many 
small pits. The dnodenum is filled with a daik-red thick liqnid with putrefactive 
odor, probably bile. The membrane is swollen, glistening, dark red, owing to 
punctate and linear pigment spots closely set in the membrane. Portions of the 
small intestine were brought with ends tied. Themuoosa covered by a dirty cream- 
colored pasty layer consisting of desquamated epithelium and molecular debris. 
Portions of mucosa have a deep wine-red color. Boll cultures made from the scrap- 
ings of the wall in these various situations contain the same germ found in othe 
intestines and in the liver. 

Kidney, dark red ; the surface presents minute blood-red points. All but the lip of 
the papUlte deeply congested. Ecchymoaes in the pelvis. Of three cnJtures made 
fVom bits of tissue one becomes faintly clouded ; the others remain clear. From the 
former a roll culture fails to develop. The ligated bladder contains about 1 quart 
of deep brownish red, slightly opaque urinej speciflo gravity, 1030. Sediment very 
slight. In it red blood corpuscles ore still distinctly visible. The mncosa of the 
bladder has a pale-red appearance, probably dne to the imbibition of hcemoglobin. 
Of three cultures made from the urine all remain sterile. 

llie microbe, isolated from the int-estines of the four cases examined, and from the 
liver in two cases, was a saprophyte so far as its appearance and growth in culture 
media are concerned. It produces considerable turbidity in neutralized bouillon, 
with OT without peptone, but there is no distinct membrane formed. The bacteria 
are motile, but their motility may be overlooked. In the hanging drop they appear 
quiet for a time, then one or more in the Geld of the microscope suddenly begin to 
move rapidly across the field, at the same time executing revolutions about that 
point as an axis where two are attached to each other. The peculiar bluish expan- 
sive colonies on gelatin, taken in connection with the other biological characters 
and the presence of theee bacteria in the intestines of healthy cattle and other 
domesticated animals, identify them with the very common bacillus B. ooli eontmnnu. 

Inoculated into the small experimental animals this bacillus seems to exert no bad 
effect if the dose be limited. Large doses have not been tried, for the reason that 
some putrefactive bacteria which are known to be harmless may produce death when 
large doses are injected subcutaneously more by a kind of poisoning than by the 
actual infection of the organism with the injected microbes. 

f^om an a^ar onltq^e originally inocnlated from » colony in a loU cnltnre pre- 
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pared ttom the doodeunm of No. 6, mateTial was stitred ap in sterile beef infusion 
ontil a clondy BnapenBion was obtained. From this — 
Two mice received snbcutaaeoaaly -^ and i cc. 
Two rabbits received sabcutaneuusly i and i oo. 
One ^iuea-pig received subcntaneoasly ^ cc. 

All remained well. 

The same negative resDltB were obtained when cattle were fed with cultures of 
tilts germ. 

September 5, 1888. — A flask containing 600 cc. of sterilized slightly alkaline hoiiil- 
lon was inoculated &oin a cnltnre obtained from case No. 3 and placed in the incu- 
bator. On the second day the liqaid was very tnrbid, of a pale straw color, with 
no perceptible membrane on the surface. On the bottom a small quantity of a flaky 
deposit. No pntrefactive odor. On this same day a black heifer and a calf were 
drenched with the culture liquid, the formev receiving 400 cc, the latter 200 cc. 
There was a slight elevation of temperatnre in both animals, which may have been 
dne to other causes, however. Five days after feeding, the oalf had quite a liquid 
diarrhea, but this disappeared in a few days. Both animals remuiiieil well. 

October 15 five roll cultures in gelatin of the same germ were dried in watch 
glasses until the gelatin was very brittle. After drying eleven days a 2-yGar-old 
heifer was drenched with the dried gelatin cultures suspended in water. The 
feeding was followed by no symptoms of disease. 

■HE RXPERIMENT STATION ASD 



.S'i>. 7 (noHtie).— Black cow, 6 years old, has been on the station 2-3 years. Placed 
in field I ' June 27, 1889, containing North Carolina cattle with ticks. 

No sjmptomB of disease noticed, until the middle of August, when she began to 
lose flesh rapidly, became dull, and refused to eat. Rumination ceased August 31. 
At this time she wandered aimlessly about or stood with head low and back arched. 
On the 22il very weak and scarcely able to walk. Diaincliuod to move except 
when urged, and standing most of the day in the bed of the stream passing through 
the yard. Dung passed in small quantities, which has a yellowish tinge and is 
eoated with mucus. Color of nrine not noticed. The mncous membrane of vagina 
dotted with hemorrhagic streaks and patches. Reotnm not reddened. 

August 23. — Found dead this morning. Ticks found on escutcheon (pubio 
region) and on hind limbs; few on fore limbs. Body greatly emaciated. The.suh- 
outaneons tissae of an abnormally deep orange color (jaundice). 

Spleen very large, pnip dark and soft. Among the red corpuscles a considerable 
number have each a single round body within them readily brought out by aniline 
colore. 

Kidneys deeply congested throughout the parenchyma. In the bladder abont one 
quart o' blood-red niine. When poured into a beaker it is entirely opaqne and of a 
dark port- wine color. Speoiflc gravity, 1022. When diluted with two parts of water 
in a test tube Mid held np to the light, it appears translucent and of a beantiful 
wine-red color. When boiled a alight quantity of a dirty brownish flocculent pre- 
cipitate is formed. 

The liver is enlarged, discolored, and on microscopic examinatioD the bile canal- 
iculi surrounding the hepatic cells appear as a yellow i^etwork ; the cells themselves 
contain iiregular masses of pigment. Many red-blood corpuscles contain the round 
atainable bodies. Bile, so thick that it scarcely flowed from the escised bladder, 
due to the presence of small yellowish flakes and plates. 

Slight extravasation beneath endocardium and epicardium of heart. Lnngs with 
a few old aclhesions, otherwise healthy. 

■ For diagruu of the Held for isa*. see Fig. 4, page St. 
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In ttte jigeatife tract oonsiderable oongestion and pigmentation, oltieflj on tbe 
BQiDinita of the longitudinal folds, extending from the dnodenum with variable in- 
tensity aa far as tJie upper portiou of the colon. 

The blood of this case was not studied during life excepting to count the namber 
of red coFpuecIes July 11 and August 20. They numbered at the former date about 
6,000,000 in a cubic millimeter, at the latter date about 4,000,000. 

The temperature of this caae rose on August 16-17 ttom 101.2 to 106.9 and re- 
mained high until death, August 23. (For the complete record, see p. 270.) 

No. 8 (native). — Black heifer, aged 18 months, raised on the station. Plnced in 
field I (oontaining North Carolina cattle with ticks) Jnne 27, 1889. 

August 26. — Animal has become gaunt and thin, walks as if hind limbs were weak. 
Vision seems impaired. The animal raises its forefeet quite high in walking and 
Btumblea on inequalities of the ground. Refuses to eat to-day, although It ate yes- 
terday. Wanders aimlessly about, preferring the bed of the stream. When stand- 
iug the head droops and the bock is arched. 

August 27. — Animal lies down this morning and refuses to rise when urged to do 
so. At 8 A. M. stretched out at full length, lying quietly, apparently unable to raise 
the head. At 10 A. M. temperature 99.8" F. Pulse 80, irregular. Killed at 11,30 by 
a blow on the head. 

AuUif»s notes : Moderately emaciated. A few ticks attached to the uddec and to 
the skin od pubic region. Jaundice absent. Spleen 18 inches long, 6 int^hes wide, 
and li inches thick ; palp very soft and dark. Kidneys and urine very nearly like 
No 7 ; the urine perhaps even darker in color. The same condition of the liver and 
bile as iuNo. 7. Heart very flabby, left ventricle nut firmly contracted. Small blood 
extravasations beneath epicnrdium of left ventricle and along interventricular 
grooves. 

Digestive tract : Contents of third stomach rather dry and firm. In the fourth 
stomach a small quantity of very dry food. The mucosa considerably reddened. On 
thelmnluffi small erosions from the size of a pin's bead to ^ inch across, the base cov- 
ered by a black (hemorrhagic !) scab. (Tbose lesions were foaudin healthy cattle 
slaughtered for beef, and are probably wounds due ia foreign bodies takeu in with 
the food.) In the small intestine Peyer's patches are considerably infiltrated and 
raised above the general mucons surface. lu tbc oscnm are liuea of pigment at>oitt 
i inch in diameter. They continue about 12 inches below the valve. The remainder 
of the large intestine normal with the exception of a small hypersmic patch in 
rectum. 

The blood taken from a skin Incision on the day and in the morning before the 
animal was killed showed a very small number of round intraglobular bodies, as a 
rule one in each corpuscle; in one corpuscle three were observed. The number of 
blood corpuscles before death was somewhat more than 5,000,000. In stained cover- 
gloss preparations of the spleen pulp a considerable number of red globules contain 
the small round bodies, one in each cell usually between the centre and the edge of 
the corpuscle. Although various stains were used such as a watery solution of 
methylene blue, methyl violet and gentian violet; the alkaline methylene bine seems 
best. These bodies could be seen in the frexh pulp, spread in a thin layer between 
slide and cover-gloss, as roaud, pale, sharply defined spots between centre and 
periphery of the corpuscles. After the spleen had been in a refrigerator thirteen 
(lays they were still visible. 

The temperature of this caseroseon August 23 to 103.4 and remained at this point 
until shortly before death, August ^. (For the complete record, see p. 270.) 

No. 9 (naHve). — Bull, eighteen months old, raised ou the station. Exposed in 
field I (North Carolina cattle with ticks), June 27, 1889. 

August 26. — Blood, withdrawn from an incision through the skin, was dried and 
stained in an aqueous solution of methylene blue. In many red corpnscles, which 
are paler and larger thou normal ones, itom fifteen to twenty very minute stained 
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bodiM of sliglitly variable ilimenaiooH are present, Buine not so large oa the ainalleBt 
cocci. Some coipascles appear as If sprinkled over with thene colored pointH 
(modiftecl, embryonic red corpuscles). 

Aagast S). — Blood withdrawn, and Htaiued. on cover-glass preparations in alka- 
line methylene blue ahowa a large number of red corpuscles containing five to teu 
stained cocona-like points. In a few rod corpuBcles are seen peculiar oval or pear- 
shaped bodiea in pa.irs, lying parallel to each other. One end of the body is rounded, 
the other drawn ont into a ahoit terminsl point. 

August 31. — The animal died thia momiag. ' Mucous membranes and tissues quite 
pale; fat absent; uojaondioe. Spleen 22 inches long, 6 wide, and 2| thick in the 
midille. The palp so aoft that it almost fiows out of the incised, tenee capsule. 
Cover-glaases placeil against the cut surface and then directly on the slide furnish a 
thin lilin of spleen blood in which about one out of every twenty-iive corpuscles <4 
per cent.) contains one or more parasites. They appear asoiicolar, sharply defined 
pale spots, either centrally situated or nearer the periphery of the corpuscle. In a 
small number two are present in one corpaacle. They are abont 2 ft io diameter 
when observed in the IVeab state. 

Kidneys resembling those of No. 8. In the blood theref^m the intraglobular bodies 
ol>serve(l. The urine taken l^m the bladder is almost black when viewed in bulk. 
In a small test tube, viewed by transmitted light, it is of a deep port-wine color. 
Specific gravity, 1018. Reaction acid. A dirty brownish, flocculent precipitate, 
formed after boiling occupies about one-third of the liquid column after settling. 

The liver presents the some appearance as in the preceding cases. Each liver cell 
is surrounded by a polygonal line of yellow cylindrical rods (bile pigment) repre- 
senting the plugged bile capillaries. Naclens of hepatic cells distinct. Among the 
blood corpuscles in the liver tiasne nearly one- half contain the intcaglobalar bodies, 
resembling those found in the spleen. 

Sections of liver tissue hardened in Midler's fluid and in alcohol and stained in 
various ways show no necrosis of tissue. The cells, however, contain much pigment 
in the form of minute graunlos. Large lumps are rare. 

Bile very thick, containing the minute yellowish flakes already described. 

Considerable extravasation on the epicardium of the ventral surface of the heart. 
The blooditaelf of aratber pale color clots very firmly. In the blood taken from the 
right ventricle perhaps one hour after death a very large number of intraglobular 
bodies could be observed. Theae are nearly round and quite invariably occur in 
pairs, being close together in the corpuscle. There are few corpuscles which have 
not thus been invaded by the parasites. 

In the digestive tract the mucosa of the fourth stomach is normal with the exceptiou 
of a few small bemorrhagjo erosions. Feces In upper colon dry and hard. No other 
abnormal appearances noticed. 

The temperature of tliis case rose to 106.T Angnst 16, fell to 102.2 August 19, rose 
again on August 22, and remained high until death. (For the complete record, see 
p. 270.) 

No. 10 (natire).— Calf, four months old, raised on the station. Exposed, June 27, 
1889, in field I (North Carolina cattle with ticks). 

August 81. — The animal died to-day, and was examined immediately after death. 
No emaciation ; no jaundice. Spleen as usual very large, soft, and dark (131- X * X 
1^ inches). Urine contains no haemoglobin; of normal color. Liver, however, very 
much enlarged, of a peculiar "mahogany" color and a rather sickening odor. The 
fluid which exudes from the cut surfaces has the color of bile. The bile canaliculi 
are shown completely occluded by an injection of yellowish bile pigment forming a 
meahwork enclosing the hepatic cells. Bile very thick, due to the presence of yel- 
low floccnil. 

The mucosa of the fourth stomach dotted with minute opaqne white elevations, 
which, on closer observation, represent the swollen periphery of minute worm-pits 
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(^SlrongslHi 0$tertagi). A few eroBiouB with hemorrhagic ha«e near pylorus. In the 
dnodeuiun the mucoHa is quite deeply stained with bUe. No lesions in the intestine. 
In a preparation of heart's blood, taken one-half lionr after death, a considerable 
number of intraglobular paTaeites are found. The; are more or less pyriform in out- 
line; very few round forms seen. 

The tempeiatnre of this animal fluctuated more or less, bnt did not ri»e above 104.5 
at any time. (For the temperature record, see p. 270.) 

All. 11 {native). — Red oalf, 4 months old, raised on the station. Exposed June 27, 
1889, in field I (North Carolina oattle with ticks). 

September 10. — Fonnd at 2 p. m., lying down, unable to move. Respirations ir- 
regular, hardly pereeptihle. It vaa killed by a blow on the head and examined im- 
mediately. 

Animal very much eniociated. Several ticks on inner surface of thighs. Spleen 
)DodeTat«ly engorged; pulp soft and dark. In preparations a very large number of 
corpuscles were seen with parasites within them. Probably not less than i of the 
corpuscles invaded. Sometimes 2 bodies, very rarely 3 in the same corpusole. Thoy 
were the largest seen thus far. In form they are circular, and two, side by aide, 
stretched almost across the diameter of the corpuscle. Kidneys but slightly con- 
gested in appearance. The nrine has a port-wine color, which is not so dense as in 
must preceding cases. In a test tube it is translucent without requiring dilution 
with water, Reaction, alkaline. A dirty sciini tlsniia on boiling. 

The liver is rather firm, nearly normal in color. Little or no injection of bile cap- 
illaries observed. The bile is somewhat more viscid than normally, but of normal 
color and containing; very little flooculent matter in suspension. 

The blood coipuscles in the liver are invaded by parasites in the same degree as 
those in the spleen. They are very distinct in fresh, unstained preparations. Ooca- 
sionally a large body 2 to 2.5 jiin diameter is associated with a very small one in the 
same corpuscle. 

Nothing abnormal iu the stomachs and intestines. Duodenum bile-stained. 

Temperature fluctuating between 103 and 101.5 much of the time from August 16 
uutil a few days before death. (For complete record, see pp. 270 and 271.) 

2fo. IS {Southern). — Heifer, 2 years old; received June 27, 1889, from near New 
Berne, N. C, and placed in field I. 

August 17. — Removed and sold. 

Wo. S«{8i>ulfc«ra).— Cow, Syearaold; received Jun627, 1889, from uear New Berne, 
N. C, and placed in field II after the ticks had been picked oQ'. 

Angnst 17. — Removed* and sold. 

No. tS (Soai\em). — Cow, 7 years old; received June 27, 1889, from near New Berne, 
N. C, and placed in field II after the ticks had been picked off. 

August 17. — Removed and sold. 

No. SO (Southern). — Heifer, 3 years old; received June 27, 1889, from near New 
Berue, N. C., and placed in field II after the ticks had been picked off. 

August 17. — Removed and sold. 

No. S2 (Southern).— 'ReiSw, 2^ years old; received September 14, 1889, from New 
Berne, N. C. Placed in field II for remainder of season. 

July 4, 1890.— Exposed iu Geld VI (Southern cattle with ticks). 

The blood was examined September 3. The animal became greatly excited while 
being caught. Temperature, 101° F; respiration, 60; pulse, 90. 5,875,000 red 
corpuscles in a cubic millimeter. In the blood no abnormal elements detected. 

Urine collected at the same time. Color, light yellow; specific gravity, 103G; 
strongly alkaline. No albumen. 

Animal remained in this field until November 3. Exposure without result. Only 
slight fluctuations of temperature (see pp. 277 and 278). 

No. 35 (native). — Gray and white heifer, 2 years old; received August 16, 1889, 
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from Sb. Marja Conntj, Md., acd kept in field IV until September 14. On this da; 
tiftusferred to fleld III (Sonthem cattle with ticks). 

TLe animal manifested no B^mptoma of diaeiue dutitig exposure. On November S 
the blood was examined and no abnormal elements observed. The oorpuaclea nnm- 
bered 6,000,000. The animal was in very good condition. (For temperature record, 
Ree p. 2T2.) 

No. 40 {Southern).— Btoei, 9 j«ftn old; reeeived-Tune 27, 1889, from near New Berne, 
N. C, and plaoed in field I. Removed and sold August 17. 

No. 41 (native). — Roan cow, 4 years old j received aad kept witb Nu. 35 until Sep- 
tember 14, 1S89. On this day exposed in field IV (Southern cattle without ticks). 

On November 6 the blood was examined. No abnormal formB observed. The 
corpuscles numbered 6,520,000. (For temperature record, see p. 273.) 

.^0. 4S {Southern), — Cow, 6 years old; received Juue 27, 1S8S, from near New Berne, 
N. C., and placed in field I (North Carolina cattle with ticks). 

Augnat 17 — Removed and sold. 

No. 43 (native).— Ked steer, about 3 years old, irom Charles County, Md. Placed 
in field I (North Carolina cattle with ticks) August 24, 1889. 

September 10. — Urine collected to-day has a port-wine color. Reaction alkaline. 
Liberation of large quantities of gas when acidified. When boiled it remains clear 
until anacidia added, wlienabrowoish flaky precipitate forms, which, after settling 
over night, is equivalent to about one-sixth of the column of liquid in test tube. 

September 11. — Animal very weak towards evening, lying down most of the time. 
Continues in this condition for another day, and is found dead on the morning of 
September 13. Examined immediately. 

Autopsy : On the earfaoe of the heart some smalt blood extravasations. Small, firm, 
dark-red dots in botli cavities of the heart. 

Slight hypostatic congestion of the right lung; no lesions observable. 

Spleen very large (21 X 71 X li inches), soft, dark-colored. In fresh and stained 
preparations of spleen pulp a moderate number of round, intraglobular bodies. 

Liver of a yellowish color; the bile-oanaliouli more or less occluded with cylin- 
drical masses of yellow bile, as in preceding cases. There is also a considerable 
amount of fat in the hepatic cells. A preparation from the blood in the liver showed 
probably lOpercent of the corpuscles infected with parasites. Bile contains a dense 
suspension of minute yellow flakes. 

Thebladdercontainsaliter of cleai wine-colored urine without sediment; sliehtly 
. acid ; specific gravity, 1013. A precipitate forms with picric acid as well as on boil- 
ing- 

Tbedigestive tract normal, with exception of the duodenum, the mucosa of which 
is considerably pigmented and bile-stained. In the rectum the feoes covered with 

Cultures were made ftom this animal as follows : 

A minute bit of spleen pulp was plaoed iufourtuliee containing respectively bouil- 
lon-peptone, blood serum (cattle), glycerin agar, simple agar. Theae tubes, kept 
under observation in a thermostat for several weeks, reniained sterile. 

Blood taken from the heart with pipette was wided to tubes containing the same 
media, i cc. being used for each tube. Theae also remained sterije. 

From the kidney bits of tissue wore added to the same media. Two tubes con- 
tained subsequently a large bacillus with terminal spore; one contained a colony of 
yellow coccus, and one a colony of a large coccus. These were probably contamina- 
tions. (For the temperature record, see pp. 270 and 271.) 

No. 44 (native). — Black and white steer, i years old, from Charles County, Md., 
placed in field I (North Carolina cattle with ticks), August 24, 1889. 

September 13. — Urine observed to be tinged with biemoglobin to-day (red water). 
It behaves towards reagents precisely like that from the preceding case, No. 43. 
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September 11. — Blood examined to-day, but nothing definite obaerved. 

September 16. — Lies down must of the time and is alow to rise when nigedto do so. 
TemperatuTs gradnallf (ailing, 103° F. at 3 p. m. CoTsr-gloBB preparationB of blood 
show a great deerease of red corpuacleH (1,063,333 iu 1 cnbic millimeter). When 
stained id alkaline methylene blue and decolorized in 1 per cent acetic acid, a mod- 
erate number of red corpuscles slightly larger than normal forms are seen, con- 
taining from 5 to 10 stained grannies. 

Septeiulier 17.— Animal died during the night and waa examined this morning. 
Autopsy; Several large and small ticks onfore and hind limbsand escutcheon (pubic 
region). Mucous membranes and subcutaneous tissue very pale. No jaundice ob- 
served. 

In right ventricle of heart a large dark clot; in left, a small one; both are very firm, 
almost like livei tissue. Lungs more or lees (edematous. In the trachea a consider- 
able quantity of pinkish -white foam. 

Spleen is very large (20 X B)^ X 11 inches). The pulp more diaintegnited than any 
thus far observed. It oozes out from the incision through the capaule as a semi- 
liquid dark-red mass. Intraglobnlar bodies in only a few Mood corpuscles. 

Liver; Color, yellowish. The bile canaliculi injected with solid bile. Large oil 
globules in liver cells. Bile,almo8t solid, owing to presence of mucns and flaky par- 
ticles. It can be drawn out into long bands. No intraglobnlar bodies detected in 
several preparations from blood iu the liver. Urine in bladder free from hiema> 
globin, yellowiah-red in color; reaction, acid; specific gravity, 1013. Afloccnleut 
albnminons precipitate appears on boiliug equivalent to about one-tenth of the 
volume of liquid. 

Digestive tract: The mucosa of fourth stomach near oardiac orifice is reddened 
in a punctlform mannei. The small intestine contains a large quantity of tnrbid 
liquid. The duodenum and upper J^unnm dotted with numerous pigment points. 
Iu the remainder of the small intestine, points and patches of ecohymosis, especially 
marked in the ilenm. Contents of large intestine quite firm; in the rectamthe 
feces inballs covered with mucus. The minnte vessels of the mncoaaii^eoted. 

A number of culture tubes were inoculated with blood from the heart in order to 
determine whether any one species of bacteria were present. From 1- to i cc. of 
blood was added to each of three tubes of bouillon peptone, two of blood serum, and 
three of agar. In each of the agar tabes a large bacillns growing in long oh Bins 
and producing gas was present. The same baoillua and a cocous present in one 
bouillon peptone tube, the remaining two clear. One blood serum tube remained 
sterile, the other contained a pigment coccus. Bits of spleen were placed in three 
tubes, two containing glycerin agar, the third bouillon peptone. One agar tube 
contained subsequently one colony of a coccus, the others remained clear. 

The temperature in this case rose September 6, and remained high (lOlr-107.2) 
until death. (For complete record, see pp. 270 and 271.) 

Ifo. 46 (StiHfftern). — Cow7 years old. Received Jnne27, 1889, from near New Berne, 
N. C, and placed in field I. 

Augnat IT. — Removed and sold. 

No. 46 (naMpfl). — Roan and white heifer 20 months old. Received August 30, 1889, 
from the District ofColumbia and placed in field I (North Carolina cattle with ticks). 

Septembers. — Blood examined after the temperatare had been high for four or five 
days showed a very few intraglobnlar bodies. 

September 10. — Animal fonnd lying down, unable to rise. Temperature 96.2° P., 
killed at 10 a. m. Blood taken immediately f^om some soperficial veins showed very 
few intraglobnlar paraai tea. 

Animal in good condition. On the pubic region a few small ticks. Fat of normal 
yellow color. Spleen very large (22 x 7 s 2 inches), pulp soft and dark. In prepar- 
ations of the pulp, examined ireahandataiued, abont2peroentofthecorpascles con- 
tain one or two lonnd bodies each. Liver 'jreighs 12 pounds, affected as In previous 
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oasee. Qoitn friable to the touch. The game injectioa of the bile civnalicHli. Cud- 
aitlerttble fiit iu the hepatic cells. Very few blood corpnaclea oontainiiig paiMites. 
Bile vary thick and viscid, resembles finely ctiewod grass. 

Uiine of a deep port- wine ooloi, faintly tronslacent in a layer several iDohea deep. 

DigeiUve tract: Greater portion of laminated part of the fbarth stomach is of a 
bluish- pink color. On the lamiueea largenumberof dark depressed pointa, also small 
erosions ivith reddened periphery and larger slightly depressed areas tu which are 
attached shreddy maaaea of a diphtheritic charaotei. Pyloric portion of atomacb and 
daodennm normal. Id the remainder of the small inteatine a considerable quantity 
of turbid watery liquid. No appearance of oatarrbftl iufiammation. Peyer's patohea 
siigbtly infiltrated. In o»cum and for 2 feet below valve the lougitudinal ridgea of 
tbu mucona membrane extensively pigmented. Near rectum, more or less hypereemia. 

Blood from the heart, eiamined soon after death, failed to show any intraglobular 
bodies. 

The temperatare of this ''.ase rose Angiiat 31 to 105 and remained high (105-107.3) 
nntil before death. (For complete record, see pp. 270 and 271.) 

No, 47 (naltve). — Cow, aged 3j years. Keceived September 4, 1889, from Prince 
George County, Md., and placed in field IV until September 14, 1889, when it was 
exposed in field III (Southern cattle with ticks). 

November 11-16. — Haa been growing thin quite rapidly, and very weak, especially 
in hind qnartera. Dull and lying quietly most of the time. 

November 15. — The blood was examiued to-day and found very antemic. Only 
865,000 corpuscles in a cubic millimeter. Fntly one-third are abnormal. They are, 
as a rule, larger than in health, from 7.5 to 8.5 n in diameter. When dried and 
stained with methylene blue, the following forms are noted; 

(1) Corpascles showing on their disk a variable number of stained particles, &om 
0.3-0,4 /I in diameter. They number from 5 to 20 in a corpuscle. 

(2) Corpuscles which have totaiaed a diffiiBe atain. 

(3) Corpuscles intermediate between these wblch have not only retained a feeble 
bluish tint but are boaet with a large number of very minute stained points. 

Besides theae modified tranaitional forms of reil corpnsclOH, about 5 per cent of 
the total number have on their periphery a very minute well-stained body ftom 0.3 
to 0. 5 ;j in diameter (Texas fever parasite) . 

November 16-30. — Its condition has been slowly improving but it Is still emaci- 

December 2. — Blood again examined. Now 3,126,000 corpuscles iu a cubic 
millimeter. The varions transitioDal forma and the parasitea have disappeared. 
The only abnormal condition still prevailing is a variation in tbe size of the red 
corpuscles. Some are still over 8,5 )i in diameter. 

August 21, 1890,— Continued to improve slowly during the winter and isuowinonly 
fair condition. Exposed to-day in field VIII (ticks only). 

September 5.— Temperature 106; respiration 43; pulse 60, Red corpuscles 
3,916,666 in a cubic millimeter. 

September 8. Very sick and emaciated. Transferred to field IV (sick natives 

September 12. — Died quite suddenly at 9 a. m. The blood had not been examined 
since aept«mber 5. 

A^Oopay notw.' Animal in rather poor condition. Weight about 600 pounila. A 
considerable number of half-grown ticks on the inner side of thighs and on escutch- 
eon. In abdominal cavity nothing abnormal. Heart large, considerable fat on 
peticardinm and around base, Ecchymoaes under the epicardium of tbe left ventri- 
cle, fewer on right ventricle. In right heart a large, dark clot extending into the 
venous trunks. A large clot of the same character in the left side. Oreupa of libers 
of the heart muscle show fatty degeneration. Interlobular emphysema in lel^ ven- 
tral and principal lobes. Slight vesicular emphysema of right cephalic lobe. 
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SpleMi weighs 2| ponnds. Pulp dftrk-browuisU is color; no disintegration. Mal- 
pighian bodiOB bUU visible on Bection. Engorgement slight. 

Liver weighs about 13 pounds, of a nnifonn yollowisb brown color on section. In 
thin sections of the fresh organ, complete yellow ii^eetion of the bile oaoalionli and 
of some of the smallest dncts obseired. Considerable yellowish pigment within the 
hepatic cells. Very little blood in capillaries. Fatty degeneration slight. 

Sections of liver tissae (hardened in Mtiller's flnid, embedded in chloroform par- 
afflne and stained in EhrlJch's fasmatoxylin) show the same intermingling of Htaiued. 
and nearly nnstained areas mentioned nnder No. 6. The nnstained areas eqnal 
togetlieT perhaps one-qnarter of the whole area of the section, and are isolated. 
They radiate from the central rein. Within them neither the cells nor the cell 
nuclei are any longer visible as snch. The conneotive tissue nuclei not increased iu 
number. On the border of these patches are zones of bile injection. Red corpusclea 
are not seen. 

In the gall bladder about 6 ounces (180 oc.) of dark green bile containing a 
large quantity of flakes, and hence very thick. 

Kidneys embedded in much fat ; not surrounded with any cedematous tissue. Co 
section, the cortex brownisb-red; congestion sligbt. Pigment in epithelium of the 
convoluted tubes in small masses. Bladder contains about 3} quarts of claret-ool- 
oied urine. The btemoglobin slight in quantity. Reaction barely ^kaline. Spe- 
cific gravity 1015. Abundant fiocoulent precipitate after acidifying and boiling. 

Inthetumen, contents dry andinlumps. Thirdetomach normal. In fourth stomach 
contents as in the rumen. On the laminated portion, a small number of irregular 
scars or eroeions with hemorrhagic base. Injection of the minute vessels in spots. 
Duodenum with macosa pale, not bile-stained. In the ileum mucosa normal, con- 
tents of a greenish-yellow color, with a fecal odor, and undergoing fermentation. 
CKCum empty, normal. In colon and rectum, large, firm balls of fecal matter. 
Mucosa, normal. 

Cover-glass preparationsof the various organs, dried and strained, were examined 
with the following results: 

In blood from the right heart infected corpuscles very rare. In the spleen only 
ODC-balf to 1 per cent of the oarpnscles contain the parasite. Each infected cor- 
puscle contains two round or slightly elongated bodies 1 to 1.5 /i in diameter, situ- 
ated near the center. 

In the liver, between 5 and 10 per cent of the corpuscles infected. In one, four 
paraaites observed. Diffusely stained corpuscles, indicating a beginning regenera- 
tion of the blood corpuscles, present in small numbers ; also some htematoblasts. 

In the kidney, not less than 20 per oeat of tbe corpuscles contain twin parasites. 
There are present a very large nnmber of free bodies which, from theic form, size, 
and staining, are evidently parasites, the corpuscles ouce containing them having 
been broken up. (For the temperature record, see pp. 272, 281, and 2S3.) 

No. dS (nativt). — Bed and white heifer, aged 3 years. Received August 14, 1889, 
from Montgomery County, Md. 

September U.— Placed in field V (cattle Moks only). 

October20. — Lossof appetite first discovered to-day. Animal in adumpisheon- 
ditibn. 

October 21. — Yery weak, can scarcely walk. Blood taken from a skin incision 
contained only 1,285,000 red corpuscles in a cable millimeter. It clots quickly and 
firmly. It was thought best to kUl the animal, as it did not seem likely that it 
would live nntil next day. Killed by a blow on the head. 

Spleen large, engorged (22 inches long, 6} wide at widest portion). Only a few 
infected red oorpusoles detected in fresh preparations. A large nnmber of maasee of 
yellowish pigment iu irregular clumps ftom 2 to 8 ji in diameter. When spleen 
pulpdried on cover-glasses and stained iu alkaline methylene blue abuat 10 per cent 
of all tbe red corpuscles iu the field contain each a minute spherical stained body, 



TRANSMISSION OF TEXAS FEVEE. 173 

Dot more than I /( in diameter. Rarely two are present Ju oue corpnacle, and then 
au near together that they can euarcely be djstingniahed. The; ate eitnated near 
tlie periphery, a few ou the very edge of the oorpuBcle and seemingly attached to, 
not within, the corpuscles. The pulp contains also a large number of large corpuscles 
and a, small number of ha^matoblasts. 

Liver enlarged, edges rounded. Surface everywhere mottled with niinnt« irregn- 
Inr yellowleh patches. This appearance also on section. The parenchyma examined 
microscopically in fresh sections in ssveral places does not show any biliary injec- 
tion. The hepatic cells contain variable Dunibors of oil globules. A small number 
of intraglobular parasites observed after staining. 

In the blood of kidneys which appear normal, very few intraglobular parasites. 
Urine of a pale yellow color, clear. Reaction acid. Specific gravity 1018. Albumen 
absent. 

lu the fourth stomach over ciirdiac half, many little pits due to Slrouj^fiu Osterloiri. 
Mucosa otherwise normal. Tlie mucosa of duodenum and upper jejunum covered 
with a semiliquid layer, which has a deep yellow color. Mucosa of ileum more or 
leas bile-stained. Foyer's patches intittrated. Large intestine normal. Uterus con- 
tujiis a fcetus four months old. 

Cultures were made at the autoiisy by adding a trace of blood and spleen pulji to 
tubes of agar and agar containing glycerin, both aoid and alkaline. No growth iu 
any tube. (For the temperature record, see p. 2T3.) 
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Ifo. SO (native). —R6A and white cow, Jersey grade, aged 3 years. BeceiTed with 
calf No. 97 AnguBt 20, 1889, ftom Montgomery County, Md., and placed in field V. 
Traneferred, with calf, September 14, to field IV (Sonthem cattle withont ticks). No 
elBTation of temperfttare was noted. The blood was exiunined twice: 

November T. — Red corpuscles, 6,220,000. No abnormal forms detected. 

November IS. — Bed corpuscles,' 6,044,000. No abnormal forms det«cted. 

April 9, 1890.— Calved to-day. 

Jnly 4, 1890. —Ex posed, with oalf 79, in field VI (Sonthem cattle with ticks). 

Septembers. — Animal very sick. Has grown very thin lately. Alarge number of 
ticks, including adults, attached to skin. Transferred to field IV. Blood exunina- 
tion showed only 1,127,000 corpUBCleB in a cubic millimeter. A moderate number of 
corpuscles are infected, the parasites l)Bing either single or iu pairs. A few corpuscles 
contain the minute bright bodies. The extreme auEemia is manifested by the pres- 
ence of large corpuscles which stain diffusely or contain stained granulations, also a 
small number of hematablasto. These are qnite small compared with the hiemate- 
blasts of other observed cases. The nuclens is either partially extmded or else 
within the corpuscle near the periphery. 

Septembers, 9a.m. — The animal is exceedingly weak, Temperature, 99; respira- 
tion, 24; pulse, 84. Itisnnablete rise and groans slightly with each expiration. 
Diesatl.30p. m. 

Before death the blood was carefully examined. The htematoblaats were increase<l 
iu number. A small number of intraglobular parasites, some of which manifest 
changes in form on the warm stage at 35° to 40° C. The changes follow each other so 
rapidly that it is impossible to sketch all consecutive stages. Some corpuscles 
also contain the bright bodies. In stained preparations very few corpuscles appear 
normal. The larger number are either diffnsely stained or dotted withstained gran- 
ules or else represented by iufected corpuscles and hiematoblasts. 

Autoptg noUt : Body emaciated. To the skin adhere a large number of ticks of 
various stages, matnre forms predominating. 

LuugB normal. Emphysema on the light side of the right principal lobe. Eight 
side of heart greatly distended with still fiuid blood. The left side also distended. 
The usual subepicardial ecohymoses over the eutire surface of both veutriclee and on 
fatty tissue aronnd the base. 

Spleen weighs 41 pounds. Quite firm to the touch, the Malpighian bodies dis- 
tinctly visible on sectiou. The organ is but slightly changed. In it a considerable 
number of hiematoblasts and htematoblast nuclei. Intraglobular parasites rare. 

Liver weighs 12^ pounds. It is manifestly enlarged, the edges rounded, the whole 
firm to the touch. The surface mottled with miunte yellowish patches. On section, 
the color is yellowish brown, and on closer innpection the minute patent vessels are 
seen sheathed with brighter yellow zones. (Plate II, Figs. 1, 2.) The bile capilla- 
ries are quit-e generally it^ected with bile; the hepatic cells themselves have under- 
gone fatty degeneration. Hany htematoblasts present. In the gall bladder about 
16 ounces of thick, ilark bile loaded with alarge quantity of solids. 

The kidneys are paler than normal, the cortex brownish, the pyramids near the 
base whitish. Under the microscope the epithelium generally is found filled with 
pigment granules. The tubes of the pyramids filled with fat globules. In sections 
&om material hardened in alcohol and stained in hiematuxylin and alum carmine 
no pathological changes detected. 

The urine taken from the bladder (alrant 8 ounces) slightly tinged with haemo- 
globin. It is faintly alkaline, and contains a small quantity of albumen. Specific 
gravity 1012. On standing, slight deposit of nratee. 

The digestive tract is normal as a whole. The rumen fairly well filled, the mani- 
folds wiUi contents dry and firm. The mncosa of the fourth stomach normal, with 
the exception of miQiite nodular swelling containing a central perforation {Siro^- 
gylas Otta-tagi), 
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In the Bmall iutestiues nothing abnonnal. The luge intefltine algo intact. In the 
ctecum the feces fellowish brown; in the rectum a few bitri! balla. 

In the apleen, liver, kidney b, and matrow the iutraglobalat i>arasitea correspond 
liuth iu number and character with those found in the blood before deatJi. In the 
kidneys there are in addition an immense number of free forma. 

The temperatnre of this case was high from August 26 to September 1, inclusive. 
(For the complete record, see pp. 273, 2TT, and 278.) 

Ifo. 51 (native). — Brindle cow, 3 yearn old, received June 27, 188B, from Maryland. 
Placed in field II (North Carolina cattle without ticks). No result up to September 
U. On this day fresh North Carolina cattle with ticks were put into this field. No. 
61 remaining there. 

October 28.— Quite weak and refuses to eat. Losing flesh rapidly. 

October 29, 30. — Weakness and emaciation mnch more pronounced, so that it seemed 
as if she were going to die. 

October 31. — Slight improvement. Appetite begins to retoru. 

November 4. — Animal iu very poor condition. Blood examined to-day ; corpuscles 
down to 1,330,000. There are present a large proportion of red corpuscles which 
stain diffusely and which contain stained granules, White corpuscles evidently in- 
creased in number, some of them probably identical with free bwmatoblast nuclei. 
A small number of corpuscles infected with parasites. These appear in the form of 
peripheraJ oocons-like bodies. 

Throughout November improvement gradual. Her lost flesh not entirely re- 
gained. 

The blood of this animal was not examined again until June 18, 1890. The cor- 
puscles at this date were normal and nnmbered over 6,000,000 in a cubic centimeter. 

July 4, 1890.— BeSipo Bed in field VI (North Carolina cattle with ticks). 

August 21. — Temperatnre 107; respiration 60; pulse 78. Number of corpuscles 
6,125,000, When examined unstained, a small number of corpuseles contain each 
one, rarely^two bright bodies, very minute. In stained preparations nothing abnor- 
mal observed. 

August 26.— Animal fonnd unable to rise this morning; expiration accompanied 
by a slight groan. Temperature 95.5; respiration 30; pulse 42, very feeble. Blood 
corpuscles 2,730,000 in a cubic millimeter. A small number contain large parasites; 
a considerable number contain the bright points, many in active motion. In stained 
preparations nothing else observed. 

Dies at 11 a. m. 

AhIi^ss nolw; Weight about 600 pounds. A moderate number of ticks on inner 
surface of thighs, escutcheon, and neck. Muse \ilar tissue normal. Patches of extra' 
vasatiou in subcutis over sternum probably due to ante mortem position. On serous 
covering of rnmen a small number of calcified tubercles. Similar ones on costal 
pleura. 

Longs normal. Calcified tuberculous nodules in bronchial and mediastinal glands. 
Considerable ecchymosis under epicardium of the left ventricle and on the right 
near interveutricular groove. Blood clots readily and firmly. Sarcosporidia cysts 
very abundant under endocardium of both ventricles. They are up to | """ long 
and from i to 1™!" apart. Under endocardium of left ventricle near septum, and 
of right anricle some eccbymotic patches. Heart muscle in state of fatty degener- 

Spleen weighs 5j pounds. On the convex surface about six partly calcified tuber- 
culous nodules i inch in diameter. tSpleen very much engorged. On eectif>n the 
pulp is of the usual dark brownish red (blackberry jam) color, very soft and almost 
wells out; tiabeculffi and Malpjghian bodies not visible. A large number of tlie 
large granular cells (22 u) contain frani 1 to 12 red corpuscles. 

Liver greatly enlarged, weighing 19 pounds. Weight in part made up by large 
tuberci)]oi)s glands about the portal fissnre. Small tubercular masses disseminated 
throogbout the liver tissue, especially abundant in small lobe. Parenchyma has a 
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fellow ieh-brown color. Uuder the lukroscope this color is found dne partly to the 
advanced fatty degeneration of the oellB, partly to the yellowish niassea of pigment 
within the cella. 

Bile so thick from adtnisture of amorphous solids that it scarcely flows from the 
iucised bladder. 

The fatty tisene aronnd both kidneys, especially the left, in a condition of sangui- 
iiolent (edema. More or less congestion of the entire parenchyma. Min«te pe tech lie 
in cortical snbstauce, lu aeotious of itesh tissue the capiUaries are seen filled with 
douse masses of blood corpnscles, in some of which the parasites may be distinguished- 
Urine pale, free from hemoglobin. Specific giavitj 1015. Neutral. Albumen pres- 
ent in small quantity. 

In stained preparations of kidney, liver, and spleeo a small number of redoorpns- 
cles are fonnd invaded by large paired parasites. 

The digestive tract normal with following exceptions: Contents of manifolds 
somewhat dry. On mucosa of fourth stomach a few slightly depressed ecchymoseg. 
In duodenum Doekmiue present. In the ileum worm-nodules of various sizes under 
mucosa. Very little dry feces in large intestine. Mucosa shows occasional ecohy- 
moses. (For the temperature record, consult pp. 272 and 2T7.) 

Ko. 53 (nn tire) .—Bull calf of No. 51, aged 4 months. On June 27, 1889, placed in 
field II (North Carolina cattle without ticks) with No. 51. Noresult up to Septem- 
ber 14. On this day North Carolina cattle with ticks were put in fleld II, in which 
No. 52 remained. 

October 29-November 11. — Calf during this period very sick, as manifested bj 
marked emaciation, weakness, ami loss of appetite. 

November 7. — Blood contains 2,219,000 corpuscles in a oubio millimeter. There is 
considerable variation in their size, some having a diameter of 9 ft. Whenstained, 
aemall number (perhaps 1 to 2 par cent) are observed with the peripheral coccus-like 
bodies. 

November 11. — After this date slow improvement. Unthrifty and stuntedcondi- 
tion of calf through the winter. (For the temperature record, see p. 272.) 

No. 5S (fl a Jiiifl).— Heifer, 18 months old, raised on the station. Placed in lield II 
(North Carolina cattle without ticks) June 27, 1889. 

September 6. — There being no result up to date, the animal was transferred to 
field I (North Carolina cattle with ticks). 

October 4. — Has been losing flesh duriug the past week and is now very weak and 
thin. Cannot walk without staggering. Blood examined and found quite thin. 
Only 2,700,666 corpuscles in a coble millimater. In stained, coverglaas preparations 
the red corpuscles vary in size; some are quite large and show a large number of 
stained points on thedisc, as if dusted over with grauules of coloring matter. 

October 10. — Slight improvement in the general condition since October i. Blood 
esamined to day. Only one intraglobular coocns-fonn seen, while there are a small 
number of the punctate corpuscles, described above, present. In one cubic milli- 
meter of blood 2, 626,666 corpuscles present. 

November 7.— Blood examined. About 3,560,000 corpuscles in one cubic millimeter. 
In preparations stained iu alkaline methylene blue there are in perhaps 10 per cent 
of the red corpuscles barely visible coccus-like bodies, quite invariably on the periph- 
ery of the corpuscle, often on the very edge, one in each corpuscle. 

November 11. — General condition has remained unobauged during the past month. 
^till weak aud thin. Gives birth to a 6^ months' fcetus, 

December 2. — Blood examined, but no abnormal forms detected. In one cubic milli- 
meter about 3,080,000 red corpuscles. Slight general improvement. Animal still 
very thin. Appetite has returned. 

April 1, 1890. — Improvement slow during the winter. Now iu fairly good condition, 

July 4.— Now in fine conditiou. Exposed in field VI (North Carolina cattle with, 
ticks). 

10320— No. 1 \% 
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OotoberlS.— Temperature, 101; pnUe, 78; respiratiou, 33. A few ticks im niiimal. 
To-day is the only time the blood wa» exniiiined. CorpuscloH normal ; 1,836,000 in a 
cubic mlliimet«i. Urine passed during the exAminatiuD was polo yellow. Specific 
gravity, IWO, Reaction strongly alkaline. No albnuien. 

(For t«mperatnTe record, see pp. 271,272, 277, and 278.) 

No. 54 (native). — Red heifer, 2 years old, from Maryland. Placed, Jnne 27, in field 
II (Notth Carolina cattle without ticks). 

September 6. — Apparently no result np to date. Transferred with No. 53 to field 
I (North Carolina cattle with ticks). 

September 20.— The heifer i^ lying down and rises only when nrged. Led with 
difficulty to the laboratory. The temperatare has fallen to 101.2 F. Animal killed 
by a blow on the head at 1 p. m., when it seemed quite certain that she would not 
live through the night, Shortly before death the blood was examined fresh, with 
and withont salt solution, as well as stained in alkaline methylene blue. A small 
number of red corpuscles were found containing the micro-parasite. At the same 
time the corpuscles were counted and fonud to number 1,075,000. 

Autopay hoCm: On udder and pubic region a moderate number of ticks. 

Spleen very large and engorged; 22 Inches long and 7 inches across the widest por- 
tion. The pulp is very so^, though not yet disintegrated. Many of the red cor- 
puscles contain the parasites, chiefly in pairs and having the form of an apple-seed. 
The two bodies are, as a rule, close together, parallel, slightly diverging, or end to 
end. 

On the epioardinm of the heart, eochymosis limited chiefly to the left ventricle. 
Respiratory organs normal. 

Fourth stomach shows a few superficial erosions of the mucosa, with hemorrhagic 
base. Dnodenum and upper jejanom bile-stained. Mucosa of small and large in- 
testines normal. 

The liver but slightly discolored, and scrapings examined fresh under the micro- 
scope show very little injection of the bile capillaries. Bile holds no solids in sus- 
pension Although the color is very much deepened. In blood from the liver a large 
number of intraglobular bodies seen, both in fresh and stained preparations. They 
also occur in pairs, some being round, some having the apple-seed form. The indi- 
viduals of each pair are, as a rale, of the same size, although this is not invariably 

Kidneys on section are of a dark red color. The urine is of a dark wine color and 
quite opaqne, although it holds no solids in suspension; reaction acid. On boiling, 
a brownish floccnlent scum rises to the surface. In blood from the kidneys a very 
largenumber of red corpuscles contain the parasites, quite invariably in pairs, as in 
spleen and liver. 

From the organs a number of cultures were made in different media. Three in- 
oculated with blood, and four with bits of spleen pulp, remained sterile. In a bouil- 
lon tube of the blood a small atreptocoecas appeared. In a bouillon peptone tube 
inoculated with a bit of liver tissue a diplococcus appeared. In a glycerin agar 
tube no development took place, while in a blood serum tube a small oval coccus 
grew.^ In cultures made ftom the kidney various germs appeared, such ae a strepto- 
coccus, a vibrio, and a small cooouh. These were probably mainly contaminations 
from the air, as the cultures were prepared at the station, where opportunity for con- 
tamination is favorable, (For the temperature record, see pp. 271 and 272.) 

No. 55 ( Sou (ft ern),— Heifer; age, 3J years; from near New Berne, N. C, received 
September 14, 1889, and placed in field IV after ticks bad been picked oS. 

July 2, 1891.— Kept in stock since 1889, but not exposed to Texas fever in 1890.— 
On this day exposed in field VI (North Carolina cattle with ticks). 

AugUBt29, 1891.— Temperature, 102.1; pulse, Ti; respiration 54. Red corpuscles, 
5,103,000. Nothing abnormal in fresh or stained preparations, 

October 20, — No result ftom this exposure. (For temperature record, see p. 286). 
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Ko. 57 {uatiw). — Cow, 9 yeata old, ftom the Dlatrict of Coluraljiii, ruc'cived August 
31, 1889. Seplemlicr 11, placed in field I (Nortli Carolina oatlle witL ticks). 

November 5. — The blood is normal, Corpusolea, 6,089,000 in a cubic milliniBtcr. 
No Bbuormal or enlarged forms detected. 

May 16, 1890.— Cow in good oondition. Blood corpuscles normal; 6,662,000 in n 
cubic millimeter. 

July 4.— ReSxposeil in field VI (North Carolina cattle with ticks). 

September 20. — A small number of ticks on animal. Some matnred. Blood cor- 
pnscles normal; 5,362,000 in a cnbio millimeter. In one cotpuacle a motile bright 
body detected. (The only native which has resisted midsummer exposure.) For 
temperatnre record, see pp. 271, 377, and 278. 

No. 59 (Southern). — Cow, age 4 years, from near New Berne, N. C, placed in field 
IV, September 15, 1889, after ticks picked off. 

■Tuly 1, 1890.— Placed in field VI (North Carolina cattle with ticks) to test insus- 
ceptibility. 

Septembers. — Temperature, 103; pnlse, 80; respirations, 42, Corpuscles, 6,313,- 
000. In fi;esh preparations a small number of eorpuBcles, several in a single field, 
contain the bright bodies. 

No result from this eiposnre. (For temperature record, see pp. 277 and 278.) 

^o. 60 {Soathem). — Cow, aged 4 years, trota New Berne, N. C. Received Septem- 
ber 15, 1889, and placed in field III. 

September 1, 1891. — This cow has been kept in stock since 1889, but not exposed 
to Texas fever. On this date exposeil in Held VI (North Carolina cattle with ticks). 

September 1. — Temperature, 102; pulse, 81; respiration, 48. A few ticks on ani- 
mal. CorpnBcles, 5,470,000. Nothing abnormal in fresh and stained preparations. 

Octobers. — Temperature, 101.5; pulse, 60; respiration, 40, Red corpuscles, 1,984,- 
000; white, 15,625, or 1 to 319 red. No abnormal forms observed. 

October 20. — No result from this exposure although ticks Just as abundant tm this 
animal as on natives. (For temperature reconl, see p. 286.) 

No. 61 (Southeiit). — Red steer, 18 months old; received September 15, 1889, from 
near New Berne, N. C, and placed in field 11. 

July 1, 1890.— Exposed in field VI (North Carolina cattle with ticks). 

November 3. — No result. (For temperature record, see pp. 277 and 278.) 

No. 63 (iSoulAem).— Heifer, 18 months old, received from near New Heme, N, C, 
September 15, 1889, and placed in field III. 

September 25, 1890.— Exposed in field II (Texas oattle with ticks). 

October 16. — Temperatnre, 101.1. Corpuscles, 6,444,000. No abnormal forma. 

October23.— Temperature, 102.3; poise, 72; respirations, 21. Corpnucles, 6,333,000, 
Several bright intraglobniar bodies. 

October30. — Temperature, 102.5; pnlse,66; respiration, 18. Corpuscles, 5,695,000, 
A considerable number of bright intraglobniar bodies from such aa are barely visi- 
ible (x500) to those i ^ in diameter; all sizes motile. 

On this date she was placed in a bam artificially heated and kept there until De- 
cember 13. 

July 2, 1891.— Placed in field VI (North Carolina cattle with ticks.) 

October 20. — No result ftom exposure. (For temperatnre record, see pp. 275, 2S1, 
and3S6.) 

Na, G.? (SoHlhem). — Cow, 3} years old, received September 15, 1889, from near 
New Berne, N. C, and placed in field IV after the ticks had been picked ofiF. 

November 6. — General condition very poor. Corpnscles, 6,540,000. 

Deceniber 9. — This animal was killed to-day owing to its unthrifty conditiou. The 
autopsy revealed a small number of firm yellowish masses fhtm jt to ^ inch diame- 
ter, with cheesy contents, in the liver. There are a considerable number of entozoa 
in this animal, in the small intestine worm tubercles, in the omophagus a filaria. 
lu the fourth atomaoh the macosa is dark pink in color and beaet « 
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Blight elevfttions having a central flue hole. These were aubaeqoeDtly found to ba 
due to parasites (^Strongj/lHi Oilertaffi), wbicb are enoysted under the macosa for a 

ffo. 64 {B4(ice.)— White steer, aged 2\ years, received from Maryland September 
10, 1889. Exposed in field V (cattle tloks only) on September 14. 

November 7.— Blood corpusoles, 2,780,000. Fully 20 per cent of the corpnsclea 
contain the ooccns-like peripheral body. During the first half of November this 
animal was <1iill, but continued to eat fairly well. No appreoiableloM of flesh during 
this time. The disease wuuld have passed unnoticed except for the examination of 
the blood. 

July 1, 1S90.— Reexposed in field VI (North Corolioft cattle with ticks). 

Angast 19. — Temperature, 105.8; pulse, 66; respiration, SO. Blood corpuscles, 
3,740,000. lu two stained preparations, after a long search, one pair of intraglobiilur 
pyrifonn parasites detected. Urine normal. Feces soft. 

August 20.— Temperature, 105.4; pulse, 61; respiration, 42. Corpuscles, 3,710,000. 
Fresh and stained preparations negative. 

September 9. — Temperature, lOS.T; pulse, 80; respiration, 96. Blood corpuscles, 
3,164,000. lu blood preparations no parasites seen. From 20 to 30 per cent of all 
corpuscles are enlarged. 

September 16. — Temperature, 101. Blood corpuscles, 4,575,000. Enlarged corpus- 
cles OS before. A few ticks, one full grown, on animal. 

September 29.— Temperature, 100.8. Blood corpuscles, 4,869,000. Uaorocytes di- 
minished in number. One red corpuscle detected containing a pair of pyriform para- 
sites. Several corpuscles with peripheral coccus-like bodies. 

October 7.— Temperature, 101.2; pulse, 39; respiration, 21. Corpuscles, 4,431,000. 
Blood examination negative. 

October 14.— Tcrapernture, 102; pulse, 96; respiration, 33. Corpuscles, 4,490,000. 
Blood examination negative. 

Novemljerl. — Temperature, 102.3; pulse, 54; respiration, 34. Corpuscles, 5,916,000. 
In fresh preparation nothing observed. In stained, one corpuscle with a pair of py- 
riform bodies. 

November 3. — No marked loss of flesh from this exposure. (For temperature rec- 
onl, see pp. 273, 277, and 278.) 

^0. 85 {native). — Spotted heifer; age, 2^ years; received with No. 64 from Mary- 
land, September 10, 1889. 

September 14. — Expowed in field V (cattle ticks only). 

November 4. — Animal apparently iu good condition, but has been dull during tl'« 
past ten days. Blood corpuscles have fallen to 1,720,000. There are present numer- 
ous corpuscles containing large stained granules, and an equal number of such aa 
stain diffusely. A small number are infected with the small peripheral cocci. 

December 2. — Blood contains to-day 3,463,000 corpuscles in a cubic millimeter. 
There has bees no appreciable loss of flesh during this exposure. Disease only posi- 
tively recognized by blood examination. 

March 27, 1890.— Gave birth to a healthy calf at full term (No. 89). 

September 20. — Along with calf reexposed in field VI (North Carolina cattle with 

September 30.— Temperature, 100.8; pulse, 72; respiration, 24. No ticks detecteil 
on animal. Blood corpuscles number 4,213,000. Nothing abnormal in iVeeh and 
stained preparations. 

October 4.-— Temperature, 100.4; pulse, 66; respirstion, 66. Blood corpuscles, 
3,896,000. No abnormal forms in staine<l preparations. 

October 9. — Temperature, 101.4; pulse, 84; respiration, 54. Blood corpuscles, 
3,738,000. In one fresh preparation of lilood several large parasites seen in red cor- 
puscles. Stained preparation negative. 

October 18.— Temperature, 101.6; pulse, 60; respiration, 34. Blood corpuscles. 
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3,609,000. A considerable ujmber of large corpiiscleB doif ptegeut. Xo parasites 
detected. 

November 2. — Lying down all da; anable to rise aud dies about 5 p. m. Had b^ 
come greatly emaciated and weak during the first half of October and continued bo 
during the second half withont change. A chronic fstid diarrhea accompanied the 
emaciation during October, and up to the time of death. 

Autopsy at noon November 3 : Body in poor condition. Weight about 650 pountls. 
Sereral adult tiohs on eacutcheoa. QlldeniatoaB condition of the muscnlar tissne. 
In the abdominal cavity 3 to 4 liters of clear sernm, Mesentery csdematons. 

Heart : Ecchymoses very abundant over the apex and walls of the left ventricle. 
Few on the right. In both ventricles small, partly white, clots. Under the eudo. 
csrdinm of the left, ecchymoses on the papillary mosoles. Muscular tissue pale bat 
normal; minnte vesaels liyected. 

LuDgs normal with exception of slight emphysema of the cephalic lobes of right - 
Inug. Mneoea of trachea and bronchi coated with di^licate white fVoth. 

Spleen weigha but I ponnd. Not enlarged ot congested. Several areas of extrava- 
sation under capsnle. 

Liver weighs abont 7f ponnde. Not enlarged. Tissue quite flabby, probably dne 
largely to post-mortem changes. Bile normal. Kidneys markedly pale. Post-mor- 
tem changes have begun. No lesions determinable. Urine quite yellow in color, 
barely alkaline; speci So gravity, 1016. No albnmeu. 

(Edematous condition of sabmuooiis tissue of fonrth stomach. Slight arborescent 
iiyeotiou of mucosa. In the small int«stina a large number of worm nodules show- 
ing as bluish spots on the serous surface, and from i to i inch iu dianiKter. The 
remainder of digestive tract normal. Mucosa geuerally quite pale. 

In blood from the suboutis, spleen, kidneys, and liver a considerable number of 
large (post-mortem) bacilli. No intmglobnlar parasitee present. (Forthe tempera- 
ture record, see pp. 273 and 280.) 

Xb. 66 (unlitre). — Spotted heifer, age 18 months, received September 10, 1889, f^om 
Maryland,aud exposed in field IV (North Carolina cattle without ticks) September 14. 

November 15. — Blood corpuscles about six Diilliona, 

November 27. — No result ftom this exposuic, 

Jnly 1, 1890.— Reexposed in field VI (North Carolina cattle with ticks). 

August 22.— Temperature, 104.3; pulse, 80; respiration, 72. Corpuscles, 3,953,000. 
In ftesh piepatations a few corpuscles contain the bright bodies. In staiued prep- 
arations 25 to 30 per cent contain the minnte peripheral coccus-like bodies. 

September 1. — Found dead, but still warm, early this morning. Except for the 
elevated temperature and slight dullness it bad not appeared seriously ill up to this 

Avioptji : Body in good condition, weighs about 500 pounds. A considerable num- 
ber of ticks ftom the matare sisM down. Considerable subcutaneous fat. 

Heart with some ecchymoses on ventricles along interventricular grooves and base. 
Both sides distended with large, rather soft dark clots. Heart muscle rather pale; 
cloudy and finely granular condition of the fibers. Heart's blood contains from 10 
to 20 per cent of corpuscles infected with parasites. 

CEdema of the lungs with two dark red hopatizsd masses, one in the left principal 
lobe, the other in one of the smaller lobes of the same lung. 

Spleen weigbs 4i pounds ; considerably engorged, hut the pulp still quite firm and 
the Malpighian bodies partly visible. In cover-glass preparations of fresh pulp per- 
haps one-third of all the corpuscles contain large, round parasites. When stained 
it appeared that not less than 50 per cent of ^1 the red corpuscles were infected 
with parasites about 2 /i ia diameter. Many of the corpnscles contained double 
parasites; not infrequently four were present. 

Liver weighs lOpounds, enlarged. The parenchyma on section is yellowish brown. 
Minute hile ducts are visible to the naked oye as bzanched yellow lines. In sections 
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of n«ah tissue there is.aeen an alinoat aniversul plugging of the iiltinittte bile caiia- 
licali with solid bile naauciated with fatty (legenerntion. Rarely places are found 
with Tery little of such injection in which the fatty degeneration is moat advanaed. 
Numerous infected corpnncles observed in ffesh preparations. In stained prepa- 
rations fally one-half the red corpuscles are shown to be infected as in the spleen. 

The gall bladder contains about 400 grama (1 pint) of Tery thick bile. 8p. gr., 
1022. When allowed to stand, thelowerhalf of the liqnid represents a dense stratnm 
of flakes and grannies. 

No extravasation or oedams abont kidneys. Cortical portion sprinkled with 
petechite as large as pin heads. The color in general somewhat brownish. In 
fresh sections nothing abnormal. In stained preparations 10 to SO per cent of 
the corpuscles infected. The bladder contains about 1 liter (1 quart) of urine of a 
dark, port-wine color, barely translucent in a test tube i inch in diameter. 

The contents of third stomach dryer and firmer than usual. Both second and 
third contain much gravel. In the fourth stomach also considerable sand and 
gravel. Mucosa normal. Mucosa and contents of duodenum bite-stained. In the 
lower ileum mucosa pinkish. Coatentsuf large intestine dry and coated with mucns. 
(For temperature record, see pp. 273 and 277.) 

No. 67 {South^iCj. — Cow, 4 years old, received September 15, 1889, from near New 
Berne, N. C, and placed in field II. 

April 29, 1890, gives birth to a calf. No, 86. 

July 4. — Exposed in field VI {North Carolina cattle with ticks). 

November 3, — No result. (For temperature record, see pp. 277 and 278.) 

No. 69 (native). — Heifer; 2^ years old, received from Maryland, September, 1889, 
used during fall ami winter In another experiment with No. 74 (exposure to skin 
disease of No. 73, which see) and not exposed to Texas fever until 

July 4, 1890.— On tliis day, with her calf (No, 100), 8 weeks old, exposed in field VI 
(North Carolina cattle with ticks). 

July 25. — Temperature 101.8. Corpuscles 5,341,000. Blood examination negative, 

July 29.— Corpuscles 5,536,000. Blood examination negative. 

August 4. — Corpuscles 6,050,000. Blood examination negative. 

August 11. — Corpuscles 4,698,000. A few corpuscles containing intraglobniar 
coccns-like bodies. 

August 13. — Corpuscles 6,090,000. Condition of blood the same as at preceding 



AugustlS.-Temperature, 100.9; pulse, 66; respiration, 30. Corpuscles, 4,^0,000. 
About 10 per cent contain the peripheral cocci. 

August 23.— Temperature, 105.8; pulse, 76; respiration, 28. Corpuscles, 2,855,000. 
In stained preparation very few coccus-like bodies detected, 

September 3. — Dies at ,7 a. m. Examined several hours later. Body generally 
emaciated. Weighs about 400 pounds. Many ticks of all stages on body. 

Heart muscle pale, with some ecchymoses beneath eplcardium. Parenchyma in 
condition of fatty degeneration. Blood taken from the heart which appears quite 
thin and watery, was examined fresh in the warm chamber between 35° and 43° C. 
Many of the corpuscles are quite large, some containiug miuute vacuoles in groups. 
A considerable number of hssmatoblasts are present, some with protruding nucleua. 
The blood probably did not contain more than a million red corpuscles in a cubic 
millimet«r at the time of death. A considerable number are invaded by large para- 
sites; some contain two or three individuals. Some of the parasites have already 
naaumeil the spherical form,, A few still show distinct and rapid changes of form in 
the warm chamber five hours after death (Plate viii. Fig. 1). In many corpuscles 
the bright bodies present. In stained preparations some diffusely stained corpuselea 
are seen. (These are present in spleen and liver also,) 

Lungs, normal. 
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Splevu vr«ifr|is 2| piiimdH. Only moderately oiigorfrud. TmbeouliB and Malpighiao 
bodies visible ou sectiou. Moderate number of red corpiiBotes witbin large oella and 
conaiderable free pigment in irregolar masses. In etatned preparations 10 to 20 per 
cent of tlie corpnBcles are seen Infected with from one to four parasiteB. 

Liver neighs about S poanda. Somewhat enlarged. At the bilue sume cedema of 
tiie connective tiseue. Parenchyma yellowish brotrn. The intralobular veins appear 
■iistinctlj to naked eye as patent vessels snrronuded by a yellowish zone. In the 
peripheral portion of the acinus the bile injection is complete. Numerous intra- 
globular parasites detected in fresh preparations. In stained cover-glass prepara- 
tions a rough estimate makes the infection as extensive as in the spleen. 

In sections of liver tissue (hardened in alcohol imbedded in Rhlorofurm pnTsfBn 
nnd) stained in h»matuxyltn and eosin or in alum carmine, the protoplasm of the 
cells is in a peculiar reticnlated or vacuolated condition. In some places, the vaco- 
oles are as large as or even larger than the nuclei and from one to three in a cell 
(fatty degeneration). Nuclei show signs of degeneration and there ate some missing, 
but there are no compact necrotic areas in the sections examined. Bile injection and 
red corposcles containing parasites not traceable. Bile in the gall bladder extremely 
loaded with suspended flakes; semillqnid. 

Kidneys have a uniformly dark-hrownish appearance on section. Noperiuephritio 
cedema or extravasation. In f^'esh sections the epltheliDm of the convoluted tnbes 
of the cortex contains much pigment. la the capillaries someofthecorpusclesshow 
the pale iutraglobular bodies quite distinctly in such sections. In stained prepara- 
tions the oorpasdes are infected as in spleen and liver. There are also a very large 
number of stained bodies about the sixe of the parasites tree. In the bladder are 2 
to 3 quarts of urine having a deep port-wine color. In layers J inch deep it is trans- 
lucent. Abundant precipitate is formed when acetic acid is added and it is boiled. 

In fourth stomach a considerable qoaritity of sand aud gravel. In the lamellar 
portion some erosions of irregular shape with hemorrhagic base. Mucosa otherwise 
normal. In the lower small intestine numerous worm tuliercles. In the large intes- 
tine very dry balls of feces coated with mucos. (For temperature record, see p. 
277.) 

No. 70 {native). — Yellow steer, 2J years old. Heceived September 30, 1889, from 
Maryland, and exposed in field I (North Carolina cattle with ticks). Died about 
noon Ociober 19. 

Aiitopey: Steer in fairly good condition. A very few small ticks on the body. 

The surface of the heart, especially on the left ventricle and interven trie alar 
grooves, sprinkled with small ecchymoses. 

Lungs normal. 

Spleen 17 inches long, 5i inches across the widest portion. Pulp soft, dark, con- 
cealing the Malpighian bodies aud trabeculae completely. In stained preparations 
many infected corpuscles (Plate iv. Fig. 2). 

Liver enlarged, firm, edges rounded. The surface has a mottled yellowinb ap- 
pearance. On section small areas of a yellowish color throughout. Blood flows 
fteely fl;om the cut surface. The biliary iiyection was not observed in a few prepa- 
rations of fresh tissue. The hepatic cells contain large and small fat globules. 
Blood from the liver, when stained, shows a large number of red corpuscles invaded 
each by a pair of parasites elongated in form, usually close together. 

Bile of a dark-green color and containing as yet only a slight amount of solids. 

Under the fat enveloping the liidueys, there is considerable ledema of a sangnin- 
olent character. The parenchyma of the kidneys uniformly of a dark brownisb-red 
color. lu the blood from the kidneys the intraglobniar bodies are as numerous us 
in the blood from the liver. 

Gastrointestinal trart appears normal with exception of caecum and upper colon, 
the mucosa of which contains bluish spots i inch across, the result uf blood eitravo- 
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Cultures were niMle from tlie various organa, but in place of takin); large qnanti- 
tiee of blood or tissuea for inoonlation ouly loope of blood were used, and in inocu- 
lating firatn tbe tisBues a itrnight platinum needle waa used to pierce the organ and 
the quantity Ifane adhering used to Inoculate the onltnre media. In this way onl- 
tni«s were prepared ft'om the blood (heart), spleen, liver, and kidneys, three oi fonr 
tubes being iuooalated from each organ. The media used were simple agar, agar with 
glycerin, neatralized and slightly acid, and blood eernm. Of the 14 tubes thna 
prepared, only one showed signs of growth after ten days. This contained one colony 
made np of micrococci. (For the temperature reoord, see p. 271.) 

No. 71 (nalJce).— Heifer, %\ years old; received September 10, 1889, from Prince 
George County, Md, 

October 19. — Exposed in field I (North Carolina cattle with ticks), 

December 5. — No result fkim exposnre. Blood was not examined at any timo. 

August 13, 1890.— Reesposed in Held VI (North Carolina cattle with ticks). 

Septemberl. — Temperature, 106.3; pnlse, 108; respiration, 60; corpuscles, 1,655,000. 
One infected oorpnscle detected. Enlarged forms with feebly tinted disc and several 
hamatobiasts. 

September 6. — Animal found dead this morning. Had been very weak for several 
days. Yesterday she waa taken with convulsions, falling down several limes within 
fifteen minutes. She appeared blind and ran against various obstacles. 

Avioph^! Considerable loss of ftesb. Weight about 600 pounds. On the skin 
nomeions small and a few large ticks. 

Lnngs emphysematous and cedeinatous. Very extensive eochymoses of the ven- 
trfcnlar surface of the heart under epicardium. Both sides distended with large, 
dark, soft olots. In the blood very few parasites. Corpuscles shriveled. Hiemato- 
blasts in small numbers. Capillaries and larger vessels of myooatdium filled with 
red corpuscles. No fatty degeneration. * 

Spleen weighs 3} pounds. The pulp is of a uniform dark brownish red appearance, 
quite soft and wells out from the incision. Very few corpuscles with parasites. 
Some tuematoblaats and feebly stained corpuscles. 

Liver weighs 14 pounds, much enlarged. Parenchyma yellowish brown. Bilo- 
tnjection and fatty degeneration as in No. 69. Mnch blood flows from the larger 
hepatic vessels when the organ it cut into. Qroups of very minute ruby-red needle- 
like crystals scattered over liresh sections. In stained preparations very few corpus- 
cles containing parasites. A small number of faintly stained macrocytes, Gall- 
bladder contains about one-half pint of bUe, so thick that it scarcely flows, having 
become nearly solid with suspended flakes and particles. Kidnejs with cortical 
portion very pale. In fresh sections nothing abnormal observed. Blood corpuscles 
and parasites as in liver. Bladder contains about 2 quarts of urine free firom 
hiemoglobin, pale yellow. Specific gravity, 1014, neutral. A slight floccnlent pre- 
cipitate of albumen obtained. In morrow of ribs many diffusely stained macrocytes 
but no infected corpuscles. 

In digestive tract the fourth stomach shows on the mucosa of lamellar portion a 
very large number of dork-red dots flora ^ to V^'^ in diameter and about 3""° apart. 
The center of these dots is paler than periphery. The same appearance in upper 
duodenum which, in addition, is mnch pigmented. In ileum a oonsiderable number 
of worm tuberoles of which a few are fonnd scattered through the large intestine. 
Pigmented condition of the summit of the mucous folds in otecnm and upper colon. 
In rectnm small dry fecol balls covered with mucus. (For the temperature record, 
see pp. 271, 279, and 280.) 

No.7S {native). — Cow, 6 years old, received November 13, 1889, from Clark County 
Va., affected with necrotic skin disease prevalent during that season. 

May 23, 1890 — Several of the larger patches, from which the akin had sloughed 
away, still unhealed aud covered with scabs. 

Ju^ 4.— Exposed in field IX (North Carolina soil). 
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September 2. —Temperat tire, 101.2; pulse, 58 ; reBplration, S4. Corpuacles, 7,516,000. 
In ftssh preparatioDs coTpuacles are normal, A few contain the minute bright 
bodies. In stained preparation no intraglobnlar bodies detected. 

September 18. — Tempeiatnre, 101. Corpnsolea, 6,389,000. 

Octobers. — Teniperature, 101. Corpnaoles, 5,327,000, In freah preparations cor- 
puscles are normal. A few contain the motile bright bodies. Some of these have a 
short, rodlike form. In some corpuscles n larger, paler, round body, about 0.7 u 
in diameter, also changing place within the corpuscle. In stained preparations no 
intraglobular bodies seen. 

November 3. — Exposure withoot result. (For the temperature record, see p. 281.) 

Ko. 7t (tio(iKe).— Heifiir, 15 months old, received September, 1889, from Maryland. 
(For its use nntil eiposure to Texas fever, see No. 69.) 

May 26, 1890.— Plac«l (with No. 91) in field I to determine whether the infeetious 
agent of Texas fever had survived the winter, 

September 25. — No result fVora this exposnre. Transferred to field II (Texas cuttle 
with ticks). 

September 30.— Temperature, 101.4; pulse, 66; respiration, 30. Corpuscles, 6,662,- 
000. In tcmh preparations, blood-corpuscles normal in appearance. A very large nnm- 
ber contain each a very minute bright body. Une of these observed more closely, 
appears as a short rod, and has a reatricteil movement within the globule. It goes 
toward the center and back, occasionally disappearing from view. 

In stained preparations nearly every corpuscle contains a very minute, not well 
outlined, stained body usually halfway between center and border of the globule. 
In some, two are seen near each other (Plate iv, Fig. 1). 

October 8.— Temperature, 102.2 ; pulse, 72; respiration, 30. Corpuscles, 5,783,000. 
In fvesli preparations only a small number of corpuscles containing bright bodies. 
In stained preparations the infection appears as extensive as at preceding exami- 
nation, 

October 12, — Quite weak and losing flesh. 

OctoberlB— Temperature, 106.5; pnlse, 120; respiration, 48. Corpuscles, 2,185,000. 
Blood corpuscles in tresii preparations largely orenated and shriveled. Several 
brightbodies within eorpuscles; oue in motion. Also several pyriform intraglobular 
bodies. In stained preparation a few of the latter forms detected, also a small num- 
ber of red corpuscles sprinkled over with very minnte stained particles. 

October 16. — Cow found dead early this morning. 

AuU)p»y! Condition of body still fair, although there has been considerable ema- 
ciation since the exposure. Weight, 450 pounds. Three ticks In Inst moult found 
on the body. 

Thoracic organs. Fiunt ecchymosis on the left ventricle of heart. Considerable 
extravasation under endocardium of the same ventricle, especially on papillary 
muscles. Contents of right ventricle still flnid; left, empty. Capillary injection of 
the myocardium and finely granular condition of the fibers. 

The blood coagulates slowly and imperfectly when placed in beakers. After 
several hours it has assumed a soft, gelatinous condition and may be poured ttom 
beaker in lumps mingled with thick liquid blood. In ftesh preparations of blood 
at 10;30 a. m., both from heart and jugular, a moderate number of corpuscles con- 
tain round parasites either single or in pairs, 1.5/1 in diameter, and very few of the 
bright bodies. In staineil preparations the parasites appear both as round and 
pyriform bodies. 

Lungs imperfectly collapsed. In the trachea and bronchi loacb cream-colored 
f^oth. In the right ventral lobe, dorsal portion, a dark-red hepatized mass under 
pleura about 1 inch in diameter. 

Abdomen: The omentum covered with hypertemic spots, consisting of delicate 
vascular fi'inges. When they are plaoeil under the microscope the capillaries are 
seen filled with red globules, some of which show the pale parasites within. 
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Spleen weiglia 41 pounds ; very large and soft to the toncli. The distended cap- 
Hule retriicts from the inciHioii. PuTenchyma has a dark, gliatening appearance, 
reaeinblmg blackberry jam and is partly diaintegroted. In teased prepotatioua 
maoh phagocytosis (involving red corpnscles) and vary little free or intra-eellnlar 
pigment. About 10 per cent of the corpuBclea contain parasites 1 ft in diameter, 
fully one-balf of which are donlile forms. 

Liver weighs lOf pounds. Considerably enlarged. Color yellowish brown with 
paler mottling over the surface more especially in the middle portion. The par. 
encbyma on section shows the same yellowish color. Prom the hepatic vessels 
blood flows abundantly. The smallest bile ducts visible to the naked eyu distended 
with bile. Thinsections have a decided yellowish color. The bile injection appears 
in spots under the microscope and the smallest interlobular bile duets are filled 
with yellow bile. Fatty degeneration slight. In preparations nut less than 3D per 
cent of the blood corpuscles are invaded by pairs of parasites. 

Portions of the liver were hardened in alcohol, imbedded in chloroform parafllue 
and the sections stained in hematoxylin and eosin. lu such sections under a low 
power only a narrow peripheral zone remains in which the acini appear normal. 
There is even here an exaggerated size of the capillary network. Under a high 
power the dilTereiice between the central and peripheral regions is observed to bedue 
to a partial disintegration of the cell nuclei. Tbesu instead of staining almost uni- 
fi>rmly consist of a pale round body containing a variable number of larger gran- 
ules, or the uuclei uiay be represented merely by a group of such deeply stained 
■ granules. The pri>toplasm of cells with such nuclei is not distinctly outlined. The 
capillaries of the acini ivre well filled with red corposoles and in many of them 
every corposcle contains one or two parasites. These appear at 501) diameters as 
minute as cocci stained blue. In some capillaries no infection is noticeable and in 
general the infection includes every corpuscle when present at all. 

The gall bladder contains about S ounces of bile so thickly impregnated with 
flakes and mucus that it scarcely flows. The flakes of yellow pigment are up to 2'""' 
in diameter. 

Around and in the fat of both kidneys considerable mdema associated with the 
blood extravasation. The parenchyma of both has a uniform dark brownish-red 
appearance, even to tips of papillie. In fresh sections the entire capillaTy syst«m is 
found gorged with red blood corpuscles. In some the latter have broken down into 
granular masses. Pigment granules diffused through the parenchyma more or less 
densely everywhere. In stained cover-glass preparations nearly every corpuscle is 
foDDd infected. There areio addition large numbers free (Plate vr. Fig. .1). In sec- 
tions of the kidney (hardened in alcohol) stained in. Ehrlich's hiematoxylin no 
structural changesof the parenchyma were recognised. The capillaries are distended 
with red corpuscles within which the parasites are readily distingnished. 

The bladder contains about 3 quarts of nnne which has an opaque, dark red 
appearance. It is barely translucent in layers, } inch deep. Keaotion slightly alka- 
line. Sp. gr. 1012. An abundant flocculent brownish- precipitate with acetic acid. 
According to Esbach 1.2 per cent albumen. 

Digestive tract. Fourth stomach contains some turbid liquid. Mucosa uniform^ 
bright pink in color. In pyloric portion a few erosions with blackish base. Mucofo 
of duodenum covered with a layer of bile-stained mucus ; pinkish in color. Mucosa 
of ileum similarly iixiected. 

Ciecuni and upper colon distended with firm masses of feces. Pigmentation and 
injection appear in occasional patches. Worm nodules 2 to 3""" in diameter. A 
few Mpeciuieiis of (Eeophagottoma and numerous specimens of Dockmius imbedded in 
a soft coagiilum mixed with mucus. In lower colon and rectum many tine fecnl 
balls. Mucosa slightly injected in patches. (For the temperature, see pp, 27*, 275,) 

No. 76 (iMiiB«),— Calf, oge 4 months, born on the Station, of cow No. 8. Exposed 
in field I (Southern cattle with ticks), Juno 27, 1889. Very sick from August 22 to 
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September 10. At the latter date it wm very weak and thin and its ftbdomeu 
entoiged (pot-bellied). It remained in this condition up to October, at which time 
It began to Improve. In Dsoembei it waa Btill thin and stunted. It did not lecovei 
until tUe following apimg. 

December 2, 1889. — CorpuBcleB 5,620,000. Stained preparatious show nothing 
abnoimal. 

July 4, 1890.— Placed in field VI (Southern cattle with ticks). Up to November 1 
there were uo noticeable sjmptums of Teicoa fever. Foe the temperature record, see 
pp. 270, 271, 277, and 278. 

No. 76 (native). — Heifer 1 year old, when received Hay 20, 1S90, firom the District 
of Columbia. 

July 4, — It was exposed in field VIII (cattle ticks only). 

August 14. — Temperatnie, IM. 1. Blood corpasolea, 4,966,000. In fresh prepam^ 
tions nothing abnormal detected. Stained preparations ei)ually negative- 

Angnst 16-18. — Heifer growing thin and weak quite rapidly. 

August 18. — 7 a. m. Animal walking about, but very weak and unsteady in its 
movements. At 9 a. m. lying down, unable to rise. Temperature, 99. 7; pnlse, 124{ 
respiration, 16. The skm almost bloodless. Bloud obtained with diflicutty from 
Bkin incisions. Corpuscles, 3,475,000. In fi^eh preparations a few double pyrifonn 
Intraglobnlar parasites observed. The aame detected in stained preparations. As 
the temperature of the animal waa falling rapidly and the animal now unable to 
rise and evidently dying, it was killed at 11 a. m., by a blow on the head. 

AuU^ag: On the skin of tbigbs, escntcheon, and belly a large numberof ticks just 
completing the last moult. Lungs normal. Some adult specimens of Strongi/lai 
mtoittrH* (both sexes) in terminal bronchi. Ueart fibers have undergone cloudy 
swelling. In blood from the right ventricle scarcely any parasites present. Spleen 
weighs If pounds. Enlarged ; capsnle tense, under it a few bemorthagio patches. 
On section, pulp dark, still consistent, however. In t«ased preparations some large 
cells containing from one to four red corpuscles. No free pigment. In stained 
preparations not more than 1 per cent of the red corpaecles contain the parasite. 

Liver weighs 5i pounds. Evidently enlarged. Yellowish brown, lu fresh sec- 
tions small areas of the lobules show bile injection, while the fatty degeneration is 
more or less nniform over the lobule. Occasional interlobular bile ducts appear as 
yellow streaks. In teased preparations made some boars after death fully 10 per 
cent of the corpuscles contain apparently round or oral pale bodies from 1.5 t« 2 
/i in diameter. These are usually in pairs situated a variable distance apart. In 
some only one, in others four bodies are seen. In stained preparations made at 
autopsy the parasites are all pynform in shape. 

About 8 ounces of bile in gall bladder. Specific gravity, 1022, Holds in snspen- 
sion a small amonut of flaky yellow material. 

Kidneys are of a uniformly dark-brownish red color throughout. Fresh sections 
magnified appear dusted over with minute reddish pigment granules. The capil- 
laries everywhere distended with blood corpuscles. In those of the medulla it is 
easy to see with high powers in treah sections each corpuscle containing one to four 
parasites. When cover-glass preparations are stained few corpuscles are present, 
bnt everyone contains a pair of parasites. Besides these there are numerous &ee 
bodies identical with those in the corpuscles. 

In the bladder about 3 pints of urine containing a large amount of hemoglobin so 
that it Is barely translucent in layers an inch deep. Specific gravity, 1017. Slightly 
acid. On boiling, a brownish floccu tent precipitate is formed. In the slight, amor, 
pbous deposit a few short granular casts. 

Digestive tract; In fourth stomach the mucosa of laniin» pinkish and beset with 
small elevations having a central hole (worm pits). Nnmerons specimens of SCron- 
gylnt ccntortM actively moving. In duodenum specimens of Doehmiug. Mucosa 
bile-stained. Worm nodules in ileum. In the upper colon masses of clotted blood 
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in which are imbedded round worms {(Etophagottmna). The origin of the blood not 
traceable. (For the temperature record, see p. 281.) 

No. 79 (naftue).— Bom April 9, 1S90, of cow No. 60. 

Jaly i, 1890.— Exposed in field VI with No. 50 (North Carolina cattle with ticks). 

October 9. — Temperatnie, 103.1; pulse, 96; iBspiTation, 72 (proliabi; elevated by 
excitement in being oanglit). Corpnsclee, 6,767,800. In fresh and stained prepara- 
tions corpneclee appear normal. About 1 per cent contain peripheral cood. These 
are 0.5-0.6 in diameter. 

October 2S.— Temperature, 104; pulse, 72; respiration, 30. Corpnsclee, 5,707,000. 
In fresh preparation several ooipuacles containing each a bright motile body. In 
stained preparations from 1 to 2 per cent of peripheral cocci. 

No noticeable symptoms of Taias fever excepting the slightly elevated tempera- 
ture (for record see pp. 279, 380) and the blood parasites as observed above. 

No. SO l»ative). — Cow, age 7 years when received May 26, 1890, from St. Mary 
Connty, Maryland. Several adutt specimens of a species of tick (Amblyointita tini- 
punctata), difieriug from the cattle tioii proper, found on this animal when received. 

July 5, 1890.— ExxHised in field II (Texas cattle with ticks). (See No. 82.) 

July 31. — Corpuscles, 6,290,000. lu fresh and stained preparations nothing abnor- 

Angnst i. — Corpuscles, 5,052,000. In fresh and stained preparations nothing ab- 
normal. 

August 7. — Corpuscles, 5,631,000. In fresh and stained preparations nothing ab- 
normal. 

Animal is losing flesh slowly. 

Angaet23— Temperature, 101. 6; pulse, 42; respiration, 15. Corpuscles, 5,422^000. 
Both fresh and stained preparations negative. 

August25.— Temperature, 106.2; pulse, 56; reeplralion, 27. Corpuscles, 5,434,000. 
In fresh preparations a moderate number of corpuscles contain bright motile points, 
lu stained preparations no parasites were detected. 

August 28. — 1 p. m. Temperature, 101.8 ; pulse, 100; respiration, 48. Corpuscles, 
2,0^,000. Perhaps 2 per cent contain small round parasites 0.8-1 /i in diameter near 
the center of the corpuscle. Emaciation very marked. Animal very weak and sways 
with its hindquarters when it attempts to stand or walk. This morning urine con- 
tained mnoh hiemoglobiu. The feces are thin and streaked with blood. As the cow 
would presumably not survive the night, slie was kiUeEl by a blow on the head. 

Autopsg; A few small ticks on inside of thighs and around udder. 

Thoracic cavity. Lungs normal with excepCioti of several small areas of collapse 
in both principal lobes. Ecehymoaee on both auricles and along interventricular 
groove of heart. Infectionof one to twoper cent of corpuscles in blood from the right 
ventricle. Someof tlic inttaglobular bodies pyriform, others roundish; most in pairs. 

Abdomen: Spleen weighs 3 pounds. Moderately firm to the touch. Capsule 
retracts when incised, displaying an engorged, uniforualy, dark-red pulp. In teased 
pulp much pigment in lumps, either free or intracellular. About 10 per cent of 
the corpuscles contain one or two parasites each. When in pairs the parasites 
usually elongated, pyriform. 

Liver weighs 12J pounds. Considerably enlarged and congested. In fresh set- 
tions slight fat infiltration observed. Nuclei of hepatic cells distinct. The latter are 
in some places surrounded by a network of injected bile capillaries. There are also 
some spherical reddish masses of a peculiar luster, slightly larger than red cor- 
pnsclee, scattered over the section. Parasites easily detected within the corpuscles. 
In stoned preparations from 20 to 3D per cent of all corpuscles contain each one or 
two parasites, usually pyriform. 

In the gait bladder nearly a pint of bile ofa deep greenish color and containing 
much flocoulent matter in suspension. When allowed to subside only the upper 
fifth of the layer free from solids. The remainder scarcely flows tiom ths bottle. 
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Slight eaagumolent (edema ftronnd pelves of both kidneya. Faiencbyma more or 
less ooQgBBted and considerable extravasation in pelvis. In fi'esh aections, including 
base of pyramids, the blood vessnls found digtendeil with blood corpuscles, in almost 
everyone of which a pair of pale parasites could be readily diatinguished. The 
tisane sprinkled over with very mioute pigment particlea. In stained preparations 
the iufectioD of oorpnaolea almost as eitonaive as in liver. There are also unmerons 
free parasites. Bladder contains nearly 3 pints of urine, which has a deep port- 
wiuecolor inlayers three-qaarteisinohdeep (Plate in, Fig. 4). Faintly alkaline. 
Specific gravity, 1016. Abundant precipitate when simply acidified with acetic acid. 
In the amorphons deposit formed after some time a few straight granular casts. 

lu the marrow of ribs very few hcematoblasts. One capillary observed which had 
been preserved entire in a cover-glass preparation. This was packed with corpus- 
cles, in many of which parasitea are present. 

Digestive tract. Mucosa of fourth stomach of a uniformly bluish-red color. In 
daodeunm much bile. Mucosa with minute veesels iigeoted. Mucosa of the entire 
small intestine hyper^mic; in ileum punctiform hemorrhages. Similar petecbiie 
and small hemorrhagic patches in large intestine. (For the temperature record, see 
pp. 274 and 276.) 

No. 8S (BaMne). — One week old when received, June 5, 1890, and placed with and 
adopted by cow No. 80, which was still giving milk. 

jnly 6.— Placed with No. 80 in field II (Teias cattle with ticks). 

August 20-September 11. — Has shown slighteymptomsof Texas fever, as indicated 
by elevated temperature and emaciation. 

Septemberll. — Temperature, 101.4; piilBe,T2; re8pirstion,4e. Corpuscles, 5,630,700. 
In fresh preparations corpuscles crenated and examination imperfect. In stained 
preparations nothing abnormal. A small number of ticks of various sizes on aaiiual. 

October 11.— Temperature, 102.5; pnlse,84; respiration, 33. Corpuscles, 3,542,800. 
In fresh preparations nothing abnormal. In stained preparations a few corpuaclea 
cuntainiug peripheral cocoi observed. A few ticks observed. 

November 13. — Temperature, 100.5; pulse, 75; respiration, 18. Corp nscles, 4,240,000. 
In preparations of blood, enlarged corpuscles but no parasites observed. Animal 
very weak and emaciated and covered withlioe brought by Texas cattle. Blood ob- 
tained from skin with difficulty. 

Deoember2.— Temperature. 100.4; pulse, lot; respiration, 26. Corpuscles, 5,643,000. 
Examination of ftesh and stiuned preparations negative. Animal very weak and 
scarcely able to stand. A liquid f(Btid diarrhea for several days past. 

December 6. — Animal has been unable to get up since December 4. Diarrhea per- 

Killed by a blow on the head. General condition very poor, weighs il3 pounds. 
Heart and Inngs normal with the exception of a few lung worms in one bronchus. 
Spleen weighs 3j ounces, liver 1} pounds. Botti normal in appearance. Gall-bladder 
contains viscid bile with more or less flocculent matter in suspension. Kidneys con- 
gested. Urine in bladder free from haemoglobin. (Edematous condition of coats 
of fourth stomach and slight hyperemia of mucosa of small intestine. The organs 
were not examined microecopically. (Fur the temperature record, see pp. 374,276.) 

No. 83 {native). — Calf of cow No. 48; 8 weeks old when exposed, September 14, 
1889, in field V (ticks only). (For the temperature during this period, seep, 273.) 

The blood was not examined. External evidences of disease not observed. 

No. S5 (native). — Calf, 4 weeks old. May 7, 1890. At this date placed on and adopted 
by cow No. 49. 

July 4. — Exposed in field VI (North Carolina cattle with ticks). 

August 21. — Eomoved with No. 49 to field IV (field for exposure of healthy to sick 
natives). Temperalnrc elevated IVom August 23 to September 1 indicating th» pres 
ence of Texas fever. 

September 4.— Temperature, 103.1 ; pulse, 73 ; respiration, 72. Corpuscles, 5,040,000. 
In ataiued preparations a conaiderable number of large red corpuscles (macrooytea)J C 
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Septeinber24.— Temperature, 102.7; pul8e,6T;rMpiiation, 48. Corpascles, 6,113,000. 
lu troth preparationa uothing abnormal. A very few peripheral oocoi in ataincd 
pleparatloD. 

October 6.— Temperature, 102.4; pulse, 81; reapiration, 27. CorpuHcles, 5,138,000. 
Folly 10 per cent of coipuscteB iofeoted with peripheral cocci. 

Novemberll.—Temperatiue, 102.3; pulse, 78; respiration, 15. CorpuBoles, 5,^,000. 
About 1 to 2 per ceat of infected corpnsolea still in the circulation. Animal in fairly 
good condition. (For the temperatnre record, see pp. 279 and 280.) 

JTo. Sd.— Apnl 29, 1890. Born of coir No. 67 (North Carolina cow brought from tbe 
South last summer). 

Jul; 4. — Exposed to North Caroliua cattle witL ticks in field VI. 

October9.— Temperature, 103.2; pulee, ISO; respiration, 120. (Canght after much 
chasing.) Corpuscles, 5,240,000. Four bright bodies within corpuscles detected in 
fresh preparation ; two are rod-like. In stained preparation 2 to 3 per cent of cor- 
puscles containing peripheral cocci. One nearly adult tick on animal. 

October 22.— Temperatnre, 101.3; pulse, 108; respiration, 30. (Rapidity of pulse 
probably due to chasing.) Corpuscles, 4,308.000. They vary more or less in size. 
In a fresh preparation one miuate, pale, peripheral body seen. In stained prepara- 
tions about S per cent of the curpusclea infected with peripheral cocci. 

October 30, —Temperatnre, 103.5; pulse,96; respiratiou, 30. Corpuscles, 3,579,000. 
Fresh preparations negative. In stained preparations about 5 per cent of infected 
corpuscles. 

November4. — Temperature, 103; pulse, 84; respiration, 21. Corpuscles, 4,312,500. 
Some enlarged. In several, bright motile bodies and pale peripheral bodies. In 
stained preparations still 2 to 3 per oent of infected corpnscles. (For the tempera- 
ture record, see pp. 279 and 280.) 

yo. *7— March 21, 1890. Bom of cow Ko. 59 (North Carolina cow, brought from 
North Carolina last summer). 

July 4. — Exposed in field VI (North Carolina cattle with ticks). 

August 21. — Temperature, 107. Corpuscles, 6,687,500. A few corpnscles contain 
exceedingly minute bright bodies. Stained preparations negative. 

September 20. — Temperature, 103.1. Corpuscles, 5,896,000. Fresh preparations neg- 
ative. In stained preparation not less than 5 per cent of corpuscles coutaining pe- 
ripheral cocci about 0.6 /i in diameter. A small number of half-grown tic1<B on thighs. 

October 7. — Animal excited in being caught. Temperature, 102.7; pulse, 96; res- 
piration, 40. Corpuscles, 5,084,000. In fresh preparation numerous corpuscles con- 
taining bright bodies, chiefly near periphery of cell. In stained preparation about 
1 to 2 per cent of infected corpuscles. 

October 22. —Animal excited. Temperature, 104; pulse,96; respiration, 42. Cor- 
puscles, 6,270,000. Fresh preparations negative. In stained preparations 1 to 2 per 
cent of corpuscles containing peripheral cocci. 

October 25.— Temperature, 104.1 ; pulse, 87; respiration, 27. Corpuscles, 5,596,771. 
One intraglobular motile bright body in one fresh preparation. In stained prepa- 
rations 1 to 2 per cent peripheral cocci. (For the temperature, see pp. 279 and 280.) 

2fo. 89 (naliee).- Bom of cow No. 65, March 27, 1890. 

September 20.— Placed with No. K in field VI (North Carolina cattle with ticks). 

October6.— Temperature, 101.5; pulse, 120; respiration, 60. Corpuscles, 3,936,500. 
In fresh preparation slight tendency of corpnscles to crenate. One corpuscle con- 
taining a large pyriform parasite detected, Stained preparations tost. 

October 11. — Temperatnre, 103,8; pulse, 108; respiration, 51. Corpuscles, 3,027,000. 
No parasites detected infrnsh and stained preparations. Corpuscles tend to crenate. 
Some macrooytes present. Several small ticks found. 

Ootoberas.- TBmperature,103.4; pulse,96; respiration, 30. Corpuscles, 3,606,000. 
Both fresh and stained preparations negative. 

Ootober 30.— Temperature, 101.2; pulee, 78 ;respiration, 27. Corpuscles, 1,251,500, 
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Several very minute bright and pde bodies within corpoBcIeB. Staiued prepara- 
tioDB negative, 

NovamLBT, 11.— Temperature, 103.6; palHe,78;re8pitation,42. CorpuscleB, 3,218,800. 
CurpaBcles somewhat enlarged. Mo psraeltes deteoted. 

Novemher 24. —Temperature, 103.8; pulse, 92; reBpiration, 52. Corpuacles, 3,300,000. 
In stained preparations 2 to 3 per cent of corpusoles contain peripheral cocci. Animal 
in fair condition. (For temperature record, see p. 280.) 

JTo, 90 (niKire).— Yonng bull, one year old when received, May 26, 1890, irom Prince 
George County, Md. 

August 25. — Exposed in field VI to North Carolina cattle with ticks. 

September 12.— A large number of small ticks on animal. Temperature, 103.4; 
pulBe,96; respiration, 36. Blood-corpuscles, 1,974,000. Several bright bodies but no 
paraaites detected in corpuaclea. In stained preparations corpuscles more or less 
crenated. Abont 10 per cent contain each from 5 to 10 unusually large grannies. 
There are in addition some diffusely stained corpuscles aud some with many very 
fine stained particles. 

Sept. 16, 11a. m.-—Animftllyiiig down nnahle to rise. Temperature, 100.8. Bloodex- 
ceedingly thin ; only 1,000,000 red corpuscles. From 20 t« 30 per cent contain large 
parasites in pairs, the majoritypyriform and provided each with a dark round body 
barely visible at 500 diameters (Plate viii, Fig 5). 

1.30 p. m.— In same preparation most of the pyriform bodies have assumed the 
round form. Animal killed by a blow on the head. Temperature at this time 101.4. 
Heart's blood examined at 2 p. m. aud 3.15 p. m. The some appearances as in blood 
from the skin. Hatmatoblasts present A few bright motile bodies within corpus- 
cles detected. At 3.15 p. m, many of the parasites had become spherical. 

Antopiy i)n?««dia(e(y after death.—Vf eight of animal about 450 lbs. Many ticks on 
thighs aud abdomen. Nothing abnormal in thoracic cavity excepting slight cloud- 
ing of heart fibers when eiamined microscopically. Spleen weighs 3f pounds. 
Slightly engorged and quite firm. In both fresh aud stained cpverglass preparations 
abont one-third of all corpuscles contain round parasites about 'i fiia diameter. 
Fully one-half are double. Liver weighs about 7i pounds, Parenchyma yellowish 
brown. In fresh sections the bile ii^jection is observed in spots within the lobnles. 
Fatty degeneration marked throughout. In fresh and stained preparations the 
same infection of red oorpuscles as in spleen. Many bodies arc pyriform. Gall 
bladder contains a little bile holdinf;; mnch solid matter in suspension. 

Kidneys are somewhat paler than normal. In fcesh sections little blood in capil- 
laries. The convoluted tubules areplajnlymarked as yellowish brown bands owing 
to the pigment contained in the epithelium. Considerable pigment generally dif- 
fused in very minute particles. The infection of corpuscles as in liver. Urine 
contains considerable hEemoglobin. Specillc gravity, 1013. Neutral. Digestive 
tract with its mucosa rather pale. Harrow of libs shows nearly the same in&otion 
of corpuscles as that obsMved in liver, spleen, kidneys, and blood preparations. 
(For temperature record, see pp. 279 and 280.) 

So. 91 (noHii*).— Heifer, 3 years old, received May 26, 1890, from Prince Qeorge 
County, Md. Placed in tield I on this day to twt survival of infection of 1889 (Bee 
also No. 74.) 

September la.—Temperature, 101.8. Corpuscles, 5,540,000. No abnormal condition 
of the blood detected in fresh and stained preparation. 

October 1.— There being only a negative result from this exposure, the animal wao 
transferred to field VI (North Carolina cattle with ticks). Temperature 101,8 ■ 
pulse, 60; respiration, 22. Corpuscles, 4,672,000. One corpuscle containing a bright 
motile body detected. Examination of stained preparations nsgativc. 

October 7.— Temperature, 101; pulse, 96; respiration, 18. Corpuscles, 4,833,000. 
Blood examination as before. 

10320— Nal 13 - .-. , 

Digitized by ClOOglC 
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Octubsrli.— TeiDperAture,lD1.8; pulse, 66; reapiration, 30. Corpuscles, 4,837,500. 
Blood ezamiDatioD as before. 

October 30.— Oorpnscles, 4,670,000. Ecaminatios of blood negative. (For tem- 
poraCoie record, see pp. 274, 275, and 280.) 

No. 93 C»a«w).— May 23, 1890. Born to-day of cow No. K. 

July 4.— Placed with No. 93 in field VI (North Carolina cattle witii ticks). 

AagoHt 16. — Temperatore, 101.4. Corpnscles, 4,775,000. They tend to become ore- 
nated. In stained preparations not less than 20 per cent contain each one or more 
peripheral cocci. 

Angnat 19.— Temperatare, 1(3.8; pnlae, 96; respiration, 40. CorpascleB, 3,460,000. 
In etained preparation many corposcleB are enlarged. Not less than 10 per cent 
contain peripheral cocci. 

AnguBt23.— Temperature, 102.6; pulse, 88; respiration, 18. Corpuscles, 3,160,000. 
Enlarged corpnsclea ae before; a few are punctated. In staioed preparations from 
1 to 2 per cent of coTpnaoles infected with peripheral bodies. 

September 22. — Temperature, 103.7; pulse, 96; respiration, 80. CorpuBcles, 
3,940,000. Enlarged corpuscles very few. Only an occasional infected corpuscle 
detected. 

This calf has been sich and in very poor condition since August 16. The cornea 
of left eye is ulcerated. Similarly the left ear in which the metal tag was inserted. 

A considerable number of ticks of various stages, including such as are fully ma- 
tured on the animal. 

Kilted by a blow on the head. 

Atttopeg.— Weight, 150 pounds; heart and lungs normal; apleen, of normal con- 
sistency, weighs ! pound; liver weighs about 2 poimds, normal in appearance; cells 
contain eiceediugly minute pigment granules; bile holds in anapensiou a small num- 
ber of large flakes; kidneys rather pale, otherwise normal; small amount of pig- 
ment in cells ; urine pale yellow, alkaline. Specific gravity, 1037. No albqmen. 

Digestive tract not markedly affected. In the fourth stomach minute worm-pits 
■ (Sirongyliu Oatertagi). Strongylui oontoHiU present iularge numbers. In ileummany 
worm -nodules under mitcosn. 

In stained preparations of spleen, liver, and kidneys, no pataaitea detected. In 
heart's blood there were the same number of corpuscles infected as in blood from the 

Marrow of rib contains hcematoblaBta with 2 to 4 nuclei each. (For temperature 
record, see pp. 279 and 280.) 
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Autopsy: Snbcutaneoiui fatt; liBsne of ventral aapeat of body from sternam to 
uddei inflUrated with straw-colored aorum. The in&ltration aeveial luobeH thick 
near udder. Blood olote qnioklyand firmly aa it flows ttota the Babe ataneoDB veins. 

Slight eoohymoaiB of heart mnsole. No degeneration of fibers. Nnmerona aaroo- 
sporidia cysts under endocardiom. In blood from the tight ventricle a few intra- 
globnlar parasites preseot. In principal lobe of light long on convex surface six 
lobules in state of dark-red hepatization. Lung woims in bronchi. 

Spleen weighs 3 pounds, moderately engorged. About 2 per cent of theied cor- 
puscles contain the large paired parasites, some roundish, others pyriform. 

Liver weighs 13} poonda. The cut suifsce presente a mottled (nutmeg) appear- 
ance. In iresh sections nnder the micioscope large fat globnles nniformly sprinkled 
over the section. No bile injeolion. 

Sections of livertissue (hardened in alcohol, imbedded in ohlorofonu paraffin) 
stained in htematoxylin show more or less of pathological changes. The trabecu- 
lar arrangement of the ontermost Eoiie of the lobule is exaggerated, the capillaries 
wide. The cells appear large andthe protoplasm nniformlyvaonolated. Thennclei 
are no longer normal. They appear as pole bodies with a stained periphery. The 
iuterior is disintegrated into a variable number of deeply stained roniidish grannies, 
luthecentralhalf of lobule the tTabecolar arrangement more OT lesa effaced. The 
protoplasm is markedly vacuolated and the nuclei represented by three ormore deeply 
staiued grannies which have shrunken together, in some oases coalesced into a single 
irregular mass. Capillaries do not show any red oorpusoles. 

Gall-bladder coutains li pounds of bile, very thick, dock colored and viscid. 
Holds in suspension au abundance of yellow amorphous flakes. In stained prepara- 
tions of iiver pulp about 5 per cent of the oorpuaclea contain one or more parasites. 
Kidneys somewhat pale (left weighs Impounds). No anatomical changes observable 
in fresh sections. In the capillaries and larger vessels of pyramids numeTous cor- 
puscles may be seen ( X600) with the pale parasites within them. Occasional bnuchea 
of red needle-like crystals detected. In stained preparations few parasites within 
corpuscles, but a very large mtmber of free bodies. In sections of tissue hardened 
in alcohol and stained in hematoxylin no pathological changes detected. Haoh 
fine pigment in convoluted tubules. Urine &ee from tmmoglobin ; specific gravity, 
1020; acid. No reaction for albumen, bile pigments, or bile salts. 

Digestive tract normal with exceptiou of fourth stomach, of which tbe mucosa 
has a (lale bluish-red color. Much bile in duodenum. In red marrow from ribs per- 
haps 1 per cent of corpuscles contain one or two parasites. 

No. 97 (noiiMj.— Bull calf of cow No. 60, bom July 20, 1889. 

September 14.— Placed with cow No. 50 in field IV (North Carolina cattle with- 
out ticks). 

November 37. — No symptoms of disease observed up to date. 

August 25, 1890. — Placed in field I to test presence or absence of infeotion of 1889. 
(See 74, 91.) 

November 3. — No result to date. Animal removed. (For temperature record, see 
pp. 273, 274, and 275.) 

No. 100.— May 10, 1890. Bom to-day of cow No. 69. 

July 4. — Exposed with No. 69 in field VI (North Carolina cattle with ticks), 

October 11. — One tick found on animal. Temperature, 102.6; pulse, 72; respiration, 
36. Ked corpuscles, 4,393,000. In fresh preparations many corpuscles appear en- 
larged. Stained, not less than 10 per cent contain the small peripheral coccus-like 
bodies. 

October 15. — A few small ticks on animal. Temperature, 104; pulse, 90; respira- 
tion, 42. Red corpuscles, 3,665,000. In iresh preparations a few corpuaclea observed 
with a, minute, pale, round body within each, near periphery. (Such bodies had 
also been observed in tbe preceding examination.) In staiued preparations proba- 
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bly IS per cent of all corpuBclee oontain the peripheral cocons-like bodies, seen in 
the fresh preparations as pale roaad bodies. 

October33.— Temperature, 103.8; piilBe,G8; respiration, 22. Co rpaacleH, 3,254,000. 
In &esh preparations a bright and a pale tntraglobiilar body detected. In stained 
preparations abont 6 per cent of the corpuscles contain [>eripheral cocci. 

November 13.— Temporatnre, 100.8; pnlae,64; reapiration, 12. Animal emaciated 
and weak. A few lice observed. Corpuscles, 3,379,000. Some enlarged. Only abont 
1 per cent of corpnsoles oarr; parasites. 

NoTember24.— Temperature, 103.4; pnlse, 64; respiration, 9. Corpnaolea, 2,760,000, 
In stained preparations infected oorpuscles rare. Animal very veak. 

December 2. — Animal has been lying down, nnable to move, since November 30. 
Piobabl; dying. Temperature, 88; pnlse, 42; respiratiou, 8. Corpusclea, 3,057,000. 
After long seaich several infected corpasoles detected in stained preparations. 

December 3. — Animal killed by a blow on head. At the autopsy no lesions were 
observed excepting the pieeenoe of nnmerons Inng worms to the bioncbi and an 
tBdematons coadltiou on the submucous tissue of the fourth stomach. (For temper- 
ature record, see pp. 279 and 2S0.) 

No. 101 CnativeJ.— Heifer, one year old, received May 31, 1890, from the District 
of Colombia. 

July 4.— Placed in field IX (North Carolina soil only). 

August 14.— Temperature, 101.6; pulse, 68; respiration, 30, Corpuscles, 5,600,000. 

8eptember2.— Temperature 101.7; pnlse, 60; respiration, 30. Corposoles, 8,475,000. 
A few bright bodies detected within red corpuscles. Blood elements normal. 

September 18. — Urine collected and examined. Normal. Blood also examined, 
Aftera long searob one motile bright body detected within a red corpuscle. 

November 3. — No symptotns of dlMaae noticed np to date. (Foi the temperatnr* 
record, see pp. 281 and 283. 
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No. lOS a («alit>«).— Calf of No. 102. Born September 1, died September 13, k^pt 
in refrigerator UDtil September 15. The examination was delayed because of other 
work. It was presumed that the calf had saccambed to other canses, bnt to out 
surprise the antopaj demonstrated a marked case of Teias fever as the following 
notes will show. 

Autopty: Several amall ticks found on skin of thighs. The subcntaneoiu as well 
as visceral fat over the whole body has a decided yellow tinge. 

Heart empty, contracted. Fatty degeneration of fibers. Spleen (weight 13 
onnces) was dark, enlarged and softened. Liver (If ponnda), firm, brownish red. In 
^esh sections and teaaed preparations fatty degeneration of the hepatic cella mod- 
erate; nnclei distinct. Occaaional spoto showing bile ii;jec(iou. Conaiderable 
number of minnte golden needle-like crystals scattered over the aection. In stained 
preparations about 10 per cent, of the red corpuacles in the liver contain each a 
pair of parasites. Bile thick and fall of Aaky sediment. Not so dark in color an 
with adnlte. Kidneys very hypertemic, of a dark brownish-red color. In fresh sec- 
tions capillaries distended with red corpuscles. About 20 per cent, of corpuscles 
invaded by parasites. 

About 500 cc. (1 pint) of urine in bladder deeply colored with haemoglobin, not 
tranatnceut in layer | loch deep. Specific gravity, 1023. Reaction, acid, 1.1 per 
per cent, albumen (Eabach.) 

No. 103 (native). — Heifer, three years old, received Jane 4, 1890, from Prince 
George County, Md. 

July 4,— Placed in field VII (North Carolina cattle without ticks. Ticks washed 
in later from adjoining field VIII.) 

August 16.— Temperature, 108.8. Corpuscles, 5,600,000. Nothing abnormal in 
fresh and stained preparations. 

Angust 25.— Temperature, 103; pulse, 60; respiratiou, 25. Corpuscles, 5,133,000. 
Tn t);esh preparation 5 corpuscles observed containing each a motile, bright body. 
In stained preparations nothing abnormal. 

September 6.— Found dead this morning qnit« unexpectedly. 

Autopty at noon: A large number of ticks of all sizes on the animal. 

Heart! Slight ecchymosis ou pulmonary artery, near root. Small quantitn^ of 
fluid blood in both ventricles. Considerable extravasation under endocardium of 
left ventricle. In fresh preparations of heart's blood a considerable number of 
bright bodies within corpuscles, in motion and of pale round forma, equal to about 
one-third or lees of the diameter of the containing corpuscles. In stained prepara- 
tions corpuscles containing one or two parasites, diatributed more or less in groups. 

Lnugs iBdBmatouB. 

' Spleen weighs 3^ pounds. Pulp very dark, partly disintegrated. In stained prepa- 
rations from S to 10 per cent, of corpuscles Infected with parasites- 
Liver weighs 13 pounds. Color more yellowish than normal, slightly mottled in 
appearance. Slight fat infiltration, with general engorgement of capillaries with 
corpuscles, but no bile injection. In stained prepatatious, from 15 to 20 per cent. 
of the corpasolee contain each one or two parasites. Bile in bladder very thick, 
and flows like simp, leaving a golden brownish coating on vessels. Large quantity 
of suspended solids. 

Kidneys have a uniform brownish-red color on aection. In freah sections capil- 
laries in general distended with corpuscles. In staiued preparations not lees than 
60 per cent, of those contain one or two parasites. Urine of a deep port-wine color. 
Specific gravity 1017; faintly alkaline. Albumen present in slight amonnt- 

Digealive tract normal, with exception of fourth stomach, the mucosa of which is 
dark pink in color. In the duodenal portion there are eroaiona, with blackieh bass 
-^ to i inch long. 

In uterus a ftetus seven to eight months old. 

In marrow fr«m the ribs a small number of parasites detected. (For the tmpar* 
atnre record, seep. 281,) ■ ^~tx)o|,_;^ 
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So. t06 (natiee). — Heifer, 3 years old, received June 4, 1890, from Prince George 
County, Md. 

July i. — EipoHedin field Vll (North Carolina c»ttle without ticks. Ticks washed 
in from adjoining field VIII. See No. 103). 

August25. — Temperature, 105.9 ; pnlse,72; respiration, *8. Bed corpnsoles 6,176,000. 
In preparations of ftesh and stained blood a very few oorpascleB obaerred with in- 
traelobttlar bodies rather irregular in ontline. 

Angust 27.— Temperatnre, Ufi.S; pulse, 72; respiration, 48. Corpuscles 3,400,000. 
Corpuscles in fresh preparatioiis mostly crenated. In stained freparations f^m 6 to 
10 per cent contain large pynfoim parasites in pairs or else smaller ronndish bodies 
singly or in pairs. (Plate V, Pig. 2.) 8kin almost bloodless. Blood obtained from 
incisions with difflonlty and in very small qnantlties. 

August 28. — Found dead this morning. Seen alive at 6:30 the preceding evening. 

Autop»s at9:S0a. n.; Animal ingood condition. Emaciation very slight. To skin 
of abdomen, neck, and inner surface of thighs a large number of small ticks are at- 
tached. On opening the abdomen a distinct odor of decomposition noticeable. 

Heart surface sprinkled over with minute petechlte, most unmecous near the base. 
In both ventriclee small clots and some liquid blood which contains about the same 
number and kind of parasites as those observed yesterday in blood from the skin. 
Some large bacilli present. A few patches of extravasation beneath theendocardium 
of left ventricle and one on mitral valve, A similar patch on one of tricuspid valves. 
Lungs slightly emphysematous; lungwonns absent. 

Spleen weighs 3} pounds. Pulp dark, soft, very much engorged with blood cor- 
puscles. Hnch pigment within large cells and free. In stained preparations from 
10 to 20 per cent of all corpuscles contain single or paired parasites irregularly 
ronndish and from 1 to 1 /j in diameter. Bacilli present. 

Liver weighs 11} pounds. Enlarged, yellowish brown on surface and section. 
Yellowish zonesvisible to naked eye borderingthe minute vessels. In fresh sections 
the bile capillaries are injected with bile in the central portion of lobule. (Plate ii, 
Vig. 4.) Fatty degeneration slight. In stained preparations fully 60 per cent of all 
corpuscles contain single or paired paraeites. Some large bacilli likewise detected. 
In sections of tissue hardened in MUller's fluid and alcohol and out in alcohol with- 
out imbedding no structural changes are observed. The bile injection is well 
brought out over the whole area of some of the lobules. 

Abont 1 pound of bile in gall bladder, which holds a large quantity of solids 
in suspension. 

Kidneys deeply congest«d thronghont. Occasional petechi» in cortex. In fresh 
sections all capillaries distended with red corpuscles iu which very few parasites 
can be distinctly seen in this way. Nevertheless in stained preparations fuUy 60 
per cent of all corpuscles are found to contain parasites. Bacilli present. 

About onequart of urine iu the bladder. This has a deep port-wine color, barely 
translucent in layers an inch deep. When dilnteil with 2 parts of water it assumes 
a heantifiil wine-red color in the test tube with transmitted light. Specific gravity 
1022; feebly acid. 1.4 per cent albnmeo present. 

Digestive tract not materially affected. Much bile in duodenum and parasite 
nodnles in walls of ilenm. Some patches of extravasation on mncosa of rectum. 

In the mftrrow of ribs many htematoblasta with 2 to 5 nuclei. (For the tempvo- 
tur* tscord, M« p. 2S1.) 
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So. 108 (natice). — Heifer, 3 years old when received, June 7, 1890, from the Dis- 
trict of Columbia, 

The blood of this animal was exiuniued Jane 18, 1890. The corpuBoles nnmber 
7,808,000. 

Jul; 4.— Exposed in field TU (North CaioltDa cattle without tickg. Ticks washed 
in from adjoining field VUL See Nob. 103, 106.) 

September 9, 1890. — Died dnring the night. In fail coaditlou as to flesh. Weighs 
between 500 and 660 pounds. A large number of ticks of all stages attached to bod^. 

Heart: Hoscnlar tissue rather pale. Faintly gtoualarappeaianoe of fibers tinder 
microscope. In right ventricle and auricle a rather firm dark clot extending into 
the large vessels. The left aide contracted. The blood, examined ftesh, contains 
many macrocytes and a few htematoblaete. A certain ntiinber of corpuscles contain 
rather large parasites. In stained preparations 5 to 10 per centof thecorpnsclesare 
infected. A small number of the corpnacles are quite large and uniformly tinted. 
No punctated cells detected. 

Lnngs (edematouB, only partly collapsed. 

Spleen weighs 3| pounds. Enlarged, but still firm. Halpighlan bodies visible. 
In teased preparations many large corpuscles, but no hematoblasts deteot«d. Very 
little pigment. 

In stained preparations 10 to 20 per cent of corpuscles contain one or two rather 
large, rourdish parasites 2 ;j in diameter. 

Liver weighs about twelve pounds and has a uniformly brownish yellow appear- 
ance, due to the extensive iiyeotion of the bile-capillaries with bile. Much &tty 
degeneration associated with this injection. Ten to 20 per cent of the corpuscles 
contain parasites. Bile very thick and flaky. 

In stained preparations from the kidneys ahont 30 per cent of oil corpuscles con- 
tain one or two parasites. A few large bacilli present and some htematohlaste. 

Urine in bladder (about 3 quarts) is of a porb-wine color. Specific gravity 1013, 
Slight precipitate when acidified and boiled. 

Digestive tract : Mucosa of fourth stomach has a few erosions, with a partly yel- 
lowish, partly blackish base. Some sand and gravel mixed with the food. In 
pyloric portion some round worms. Mucosa of dnodenum pigmented in points and 
strin. Worm tubercles in wall of ileum. In cncnm many firm faical balls, oovend 
with mnoue. 

Theredcorpnsolesof themarrowiuftot«dasin spleen and liver. (For tempera- 
ture record, see pp. 281 and 282.) 

No. 109 (irntiM).— Cow, 10 years old when received, June 7, 1890, from the Distriot 
of Columbia. 

August 25.— Placed in field V to be exposed to blood and splenic pulp fh>m natives 
which had died of Texas fever. This had been scattered over the ground. 

September 18.— Temperature 101.6. Red corpuscles 6,726,000. In irosh prepara- 
tions they appear normal. Within, several minute, bright, short rods present. In 
stained preparations corpuscles are normal and parasites absent. 

October 3. — Temperature, 103.2; pnlse,54; respiration, 48. Red corpuscles, 6,190,' 
000. In ftesh preparations corpuscles normal. In every five or six fields one con- 
taining a motile bright body detected. Stained preparation as above. 

October 14. — Temperature, 100.5; pulse, 48; respiration, 24. Bed corpuscles, 5,807,- 
000. Condition of corpuscles in besh preparation as before. Motile bright bodies 
perhaps more nuiueroua. Stained preparation as above. 

Novembers.— Result of exposure negative. (For temperature record, seep. 283.) 

Ne. 110 (native). — Heifer, 1 year old when received, June 9, 1890, from Charles 
County, Hd. 

August 14.— Placed in a box-stall and fed several thonsaud young ticks and egg 
cases, weighing in aU about 4| grams. Feeding negative. (See temperature record 
mip.283.) 
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Aulopay: Animiil very thin and tbe tissues quite antemic in appearance. 

In abdominal cavity considerable (sdema of megentery and connectire tisene 
aroand kidneys. 

Lnngs cedematous. A few small areas are emphysematons. la both sides of tb« 
heart large firm clots (larger in ligbt), partly pale, extending into tbe large vessels. 

Spleen small, uncbaoged. No pigment in pulp. Liver weigbs H pounds, witb 
gall-bl adder. In general normal in appearance. About 6 ounces viscid bile witb 
macb flocoulcnt . matter. Kidneys normal. Urine in bladder clouded, free f^m 
hemoglobin and albumen. 

Digestive tract. Mucb cedema of sabmncous coat of fourth stomach especially in 
the laminated portion. The mucosa has a markedly pink color in patches. Other 
portions of the tract normal. In the blood and organs no trace of the Texas fever 
parasite. 

No. lli(Southem). — Cow from near New Berne, N. C, age 12 to 15 years. Beceived 
July 4, 1890. Placed in field VI. This cow is very thin and weak. Neck and inner 
aspect of thighs loaded with ticks. 

July 8.— Tempoiatnre 105.2. Corpuscles 2,786.000. Inpreparationaof fresh blood, 
a slight tendency towards distortion and increase in size noticeable. No corpuscles 
detected in stained preparations indicative of a recent aonte attack of Texas fever. 
No parasites present. 

July 15. — Corpuscles 3,095,000. Owing to tbe enfeebled condition of this animal 
it was killed. It was likewise hoped that some information might be obtained b; 
a post-mortem examination of a Southern animal at this time. 

Autopig: At apex of heart tbe wall of left ventricle thinned ont to a translucent 
membrane which can be pushed out with tbe finger and withdrawn. Under endo- 
cardium a large nnmber of sarcosporidia cysts. Lungs contain a few email firm 
subpleural nodules; otherwise normal. 

fSpleen weighs } pound, small and firm; roioroscopically nothing abnormal in 
teased preparations. No parasites detected in stained preparations. 

Liver weighs, without gall bladder, 6 pounds. Minute, ocher-yellow dots and 
lines, noticed on the cnt surface and associated with the central vein of the lobule, 
are found to be due to advanced fatty changes of tbe hepatic cells in this sitnation. 
Among tbe fat d^liris are round, reddish spheres slightly larger than red corptiscles. 
In sections from alcoholic material stained in carmine and in hsematoxylin, small 
pale areas are seen aronnd the central vein of some of the lobules in which cells 
contain very large vacuoles. The nucleus is contracted and pushed to periphery of 
cell. In the carmine section considerable pigment is observed in granules. 

Digestive tract : In the fourth stomach mncosa is more or less pitted by Strongglui 
Oiterlagi. The minute holes surrounded by a slightly thickened border. In the 
lower small intestine and cscum tbe walls studded with numerous worm tubercles. 

2fo. lis {Southern).— Cov, 3i years old. Received September U, 1889, from near 
New Berne, N. C, and placed in Field III (North Carolina cattle with ticks). 

November 27. — Removed from field. 

No. lli (SoBitern).— Heifer 2 years old. Received Jnly 4, 1890, from near New 
Berne, N. C, and placed in Field YI (North Carolina cattle with ticks). 

November 3. — Bemoved from field and sold. 

No. 115 (JEoufAern).— Cow, 6 years old. Beceived Jnly 4, 1890, from near New 
Berne, N. C, and placed in Field VII (North Carolina cattle without ticksj after the 
ticks had been carefully picked off. 

July 13. — Gives birth to calf. 

October 20.— Kemoved and sold. 

No. 116 ( Sob IftcTB).— Heifer, 3 years old. Received July 4, 1890, from near New 
Berne, N. C, and placed in Field VII (NorthCarolina cattle withont ticks) after the 
ticks had been carefully picked off. 

November 3. — Removed from field and sold. ^ 

Digitized by ClOOglC 
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No. Its (Southent).—Cow, 10 years old; received July i, 1890, from near New 
Berne, N. C, tuid placed in field VII (North Carolina cattle wilhoat ticks) ftfter the 
ticks had been cai^fally picked off. 

Noveinbei 3. — Removed ftom field and sold. 

No. 119 (^iiulAcra).— Calf, 3 months old; received Jaly 4, 1890, from seaT New 
Beme, N. C., and with its dam, cow No. 120 placed in field VI (North Caroliuacat- 
tle with ticks). 

Novembei 2. — Retnored from lield and sold. 

Ho. ISO (5oH(A«nt). — Cow, 7 years old; roceivadjiily 4,1890, from near New Berne, 
N. C. Placed in field YI on that day. 

September 21. — Dies about 3 p. m. to-day. Had been bloated for several days. 
Examination postponed till next morning, at which time decomposition was already 
advanced. There was found extensive exudative peritonitis. 

So. Itl {Soathent). — Cow, 3 years old ; received Jnly 4, 1890, from near New Beme, 
N. C. Placed in field VJ on this day. 

September 2, 1890.— Temperotare, 102.6; pnlse, 106; respiration, 42, (Greatly ex- 
cited on being canght). Corposcles, 6,683,000. Nothing abnormal detected in fresh 
preparations of blood. In one stained preparation abont 13 peripheral cocons-like 
bodies detected. Urine passed at the time normal. 

September 28,— Gives birth to calf, No. 148. 

Jnly 2, 1891.— Exposed in field VI to Southern cattle with ticks. 

October 30.^4o evidence of infection up to date. (For temperature record, see p. 
286.) 

No. ISS (Simrt«ni).— Heifer, 8 years old, received Jnly 4, 1890, from neat New 
Beme, N. C, placed in field TI, 

September2, 1890. — Temperature, 103.9; pulse, 88; respiration, 56. (Considerably 
excited on being caught.) Corpuscles, 5,737,000. Nothing abnormal detected in 
fresh preparations of blood. In two stained preparations a marked variation in the 
sizeof thered corpueclesDoted (5 to8^.) Two peripheral coccns-Iike bodies and 
one large parasite found after a long seareh. Urine passed at the time normal. 

No.ltS (Aiufftem).- Heifer, 3 years old. Received Jnly 4, 1890, from near New 
Beme, N. C, and placed in field Til (North Carolina cattle without ticka) after 
ticks had been carefully removed. 

November 3. — Removed from field and sold. 

^0. 124 (Southern). — Cow, 4 years old, received July 4, 1890, from near Houston, 
Tex., and placed on this day in field II. 

September 11, 1890.— Temperature 103. Corpuscles 7,482,000. In freeh prepara- 
tions of blood several bright motile bodies observed within corpuscles. Two ap- 
peared as mere refrangent points and two had a rodlike form. In a stained prepa- 
ration no parasites detected after a long search. Bed corpuscles vary slightly in 
size. A. small number of ticks of various sizes on this animal. 

No. Its (AMtUent).— Heifer, 3 years old. Received Jnly 4, 1890, from near Hous- 
ton, Tex., and placed in field II (Texas cattle with ticks). 

November 3. — Removed from field and sold. 

No. Its (8o»fher*). — Cow, 5 years old. Received Jnly i, 1890, fr<»u near Houston, 
Tex. Placed in field U on this day. 

Jnly 10.— Tempwatnre 100.8. Corpuscles 6,947,000. No abnormal forms in stained 
preparations. 

September 11, — Corpuscles 6,383,000. Somewhat variable in size. In fresh prep- 
arations one donbtAi] bright body observed. In several preparations no abnormal 
forms detected. Ticks of various stages on animals. 

July 2, 18S1.— Exposed in field TI to southern cattle with ticks. 

October 20.— No indication of infection up to date. (For temperaton record, see 
p. 286.) 

10330— No. 1 14. 
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No. 1S7 (.Southern). ^Ueitn, 2 ymrt old. Received Jul; 4, 1890, Ihini near Hous- 
ton, Tex., and placed in Held II (Texas cattle with tioka). 

November 3. — Removed. 

No. 1X8 (natitw).— Cow, 13 to U years old. Beoeived Jnly 4, 1890, from the District 
of Colnmbia, and exposed in field II, to Texas cattle with ticks. 

Jaly26. — Corpuscles 6,360,000. They appear normal in fresh and Btained prepa- 
ratioDS. 

Jnly 29. — Corpnsclea 5,673,000. Normal in i^eah and stained pieparatioiu. 

Jnly 31. — Corpuscles 5,820,000. Normal in fresh and stained preparatioua. 

September 1, — Dies at noon and examined at once- 
Animal in fairly good condition. Weighs about 650 ponnda. A small number of 
ticks of varionB stages attached to skin. 

Blood from a skin incision examined a few minutes after death. In aconsiderahle 
aumber of red corpnscles parasites singly or in pairs. The forms are mostly round, 
rarely spindle-shaped or pyriform, and their diameter is about oue-third the diam- 
eter of the corposcle. lu several slight changes of outline observable. Besides 
these some corpaecies likewise contain each one bright body changing its position 
rapidly. In tlie fresh preparations are also noticed very minute bacteri»-like bodies 
moving or dancing about free intheplaama. Whether these are mere debris parti- 
cles in Brownian motion is not detonninahle. In stained preparations from 20 toSO 
percent of all corpuscles contain the parasite in its large stage. The m^orityof 
the infected corpuscles contain each hot one body which is usually roundish rarely 
pyriform in ontliue. Occasionally, however, a group of corpuscles is encountered 
which contain each a pair of pyriform bodies. All parasites stain feebly and show 
more or less refrangenoe when examined iu water. 

Blood from the external jugular and the heart shows the same features. 

Heart: Slight, mottled di^coloiatioa of mnscnlar tiseae of left ventricle. Con- 
siderable extravasation of blood under endocardium. Many sarcosporidia cysts in 
this situation. Muscular fibers in stato of cloudy swelling. 

Lungs: Considerable interlobular cedema lu both ventral and adjacent portion 
of principal lobes. In the right principal lobe, near the lateral edge, a mass of tis- 
sue li to 3 inches in diameter partially hepatized with interlobular effusion of 

Spleen large, weighs 4f ponnds. Palp dark, almost disintegrated. A few iutra- 

globular parasites and much pigment iu lumps, either free or intracellular observed 
in teased preparationB, 

Liver weighs about 12 pounds. Very mach congested, parenchymatous swelling. 
Bile injection observed In restricted places and fatty changes absent. Numerous 
infectod corpuscles detected in teased preparations. 

Kidneys also intonsely congested, the whole parenchyma has a uniformly dark 
brownish-red color. In sections all capUlarles gorged with corpuscles, in some of 
which parasites are noticod. The epithelium of the convoluted tnbules contains 
mnch pigment in grannies. Bladder contains about 3 quarts of urine, having a 
very dark port- wine color. In a test tube having a diameter of ) inoh this urine is 
practically opaque. Wtien acidified with acetic acid and boiled an abundant pre- 
cipitate is formed. 

Digestive tract. Mucosa of fourth stomach dark pink. Pits due to Strongytus 
Oaiartagi present and unmerons erosions with a depressed hemorrhagic base from 
^ to i inch in diameter. Considerable hyperEemia of the mucosa of the entire 
small intestine. Pigment patches in c«ecum and hypertemia iu the rectum on the 
longitudinal folds. 

This being a very favorable case, examined immediately after death, the follow- 
ing cultures were made; 

Blood: Peptone- bouillon, peptone agar with and without glyoenns. 

Spleen: The same medio. 
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Liver: Agar with and without glycerine. 

Eidney : The same. 

Bile : The SEune. 

The tubes were inocalated &om the blood and the bile with a looped platiunm 
wire, from the organs with a straight platinum wire. 

These various tubes were kept in the thermostat several weeks, but all remained 
sterile. 

On the otlier band, stained pteparations of the various tissaea show the following 
results as to the presence of the intraglobular parasite approximately stated: 

Blood from the skin contains about 20 per cent of infected corpuscles. The para- 
sites are largely in pairs and pjriform. Blood from the right heart contains about 
the same number. Blood from the jugular contains fewer (about 10 per cent). 

Spleen contains fti>m 10 to 20 per cent, of infected corpuscles. The parasites 
lotmdisb, chiefly in pairs. 

Liver contains from 40 to 60 per cent of infected corpuscles. These are also 
mostly in pairs and many are pyriform. 

Kidneys contain between 80 and 90 per cent of infected corpuscles. These para- 
sites are nearly all double. Some corpuscles contain three and four parasites. 
There are also an immense number of bodies set free from disintegrated corpuscles 
in this organ. (For temperature record, see pp. 274, 275, and 276.) 

So. 1IS9 (native}. — Heifer, two years old. Received July 6, 1890, frum the Distriot 
of Columbia, and placed in field II (Texas cattle with ticks). 

August 11.— Corpuscles 6,193,000. Nothing abnormal in tnib and stained prepa- 

August 13. — Corpuscles 7,171,000. Microscopic examination as before. 

August 16.— Temperature, 100.6; pulse, 60; respiration, 30. Corpuscles 5,370,000. 
Nothing abnormal detected in fresh aud stained preparatluns. 

August 37.— Temperature 106.6; pulse 96; respiration 30. Corpuscles 3,210,000. 
About 5 per cent of the red corpuscles contain peripheral cocoi. 

Heifer very weak. Barely able to move. 

August 29. — Continues in the same condition. Temperature 101.2 ; pulse 100; res- 
piration 30. Corpuscles 1,675,000. In fresh preparations on the warm stage a con- 
siderable number of corpuscles foundto contain bright, motile bodies. One cor- 
puscle found containing a largo amceboid form. In stained preparations are found 
both peripheral cocci and slightly larger round bodies nearer the center of the 
corpuscle. About 5 per cent of corpuscles infected in tills way. 

August 30.— Heifer died at 8 p. m. yesterday. Weighs about 500 pounds. Con- 
siderably emaciated. Only a few ticks on body. Marked odor from the abdominal 
cavity when opened. Blood lu subcutaneous veins liquid. 

Heart r More or less extravasation on the left ventricle near base. In both sides 
clots of blood extending through both auricle and ventricle. Under endocardium 
of left ventricle much eitravasation of blood, especially around and ou papillary 
muscles. Cloudy swelling of fibers. Lungs collapse but slightly. More or less 
emphysema and ledema. 

Spleen weighs 3i pounds. Pulp dark, disintegrated. Wells out when capsule is 
incised. In teased preparations very few parasites detected. There are a consider- 
able number of large coarsely granular cells containing red corpuscles or pigment. 

Liver weighs about 11 pounds. Doughy to the touch. On section the paren- 
chyma presenls a markedly yellowish-brown appearance. Very extensive fatty de- 
generation of hepatic cells, which also containmore or less pigment. Bile oanalicnli 
and small bile ducts largely pingged with solid bile. 

Bile in gall bladder scarcely flows owing to the large quantity of flocoulent ma- 
terial suspended in it. 

Both kidneys congested nniformly throughout. In fresh sections capillaries found 
densely filled with corpuscles. Very fine pigment particles abundant. 
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Urine, about two quarts in bladder ; Las a deep wine-red ooloi. Speciflc graTity 
1013. ConeideTable brownish floccnlent precipitate on boiling. 

Digestive tract normal, with exception of upper Bmall intestine, in which some 
pntcbes of extravaaation ace fonnd in mDoosa. 

In stained covecglaas pieparations the infection of the red corpuscles ran approxi- 
mately as follows : 

In heart's blood eorpaaeles ace all sbriveled. Parasites detected with difflcnlty. 
Pcobably S per ceot infeeted. 

In spleen about 10 per eent infected. 

In Uver about 20 pec cent infected. 

In kidneys over 50 per cent infected. 

The parasites ace all roandiah, aboat I u in diametec, many of them double. 

In livec, kidney, and blood pcepacations thece are also large bacilli with rounded 
ends. £s«b rod is $-1 1^ long and l.G fi broad. The post-mortem changes fully ac- 
count for the presence of these bacilli. (For temperature record see pp. 271, 2T6.) 

So. ISO (aativi). — Cow, S years old, received July 8, 1690, from Prince George 
County, Ifd. 

July 9. — Placed in Feld I (see Fig. 5) to test survival of last year's infection, 

October 38. — Mo evidence of infection up to date. 

November 6. — Gives birth to a calf. 

The following table gives the result of placing young ticks upon this animal in 
midwinter in an artificially heated stable. The experiment was begun December 
12, and tho tftble shows an attack «f Texas fever beginning December 30. 
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July 2, 1891.— Reeiposod in field VI to Soothern cftttle with ticks, 

Angnst 35. —Temperature 107; pnlse, 96; respiratioD, 54. Red corpnecIe« 3,922,000. 
In the &eah blood aeveral corpnacleA in every field of the microaoope (eetimated after- 
wards in Btained prepaiatioiiB aa 10 to 15 per cent of the whole) contain large para- 
sitM. These are either ronnd or pyKform and some in pairs. The infected corpuscles 
have a dark-red color, the edges are iirsf^nlar, and in general they have a wrecked 
appearance qtiEte different from the corposcles when crenated or wrinkled ttom ex- 
ternal causes. Hinute motile bodies not observed. 

August 37. — Has been sick three days; failing very rapidly since yesterday. Has 
been lying down all the forenoon, excepting to change her position a few times, and 
then she moved 10 or 15 yards before settling down. At 1 :15 p. m. she rose and stag- 
gered along 20 or 30 feet, then fell on her aide and died soou after. Temperature 
shortly before death, 100.8° F. 

Jwfopfy: Weight of animal 750 to 800 pounds. Infoirlygood condition. Acon- 
sidetable nnmber of small ticks on escutcheon and thighs (from 8 to 13 to a square 
inch). A few on udder and ueck. 

Lungs Blightlj hypeismic ; trachea contains whitish foam. Heart : Considerable 
•oohymosea under endocardium of left ventricle, espsoiaUy on and around papillary 
mneoles. Heart moscle shows slight fatty changes. 

Spleen weighs 6| pounds, enoimoosly enlarged. The pulp is of a blackberty-Jam 
color. (See PI. i.) In teased preparations no pigment or phagocytosis of red cor- 
pusolea observed. Occasionally a roundish parasite with a dark point (nnclenaf) 
within its sabstauee seen In red oorpnsclee. 

Llrer mnoh enlarged, weighing 20 pounds. Color from the surface rather pale; 
texture somewhat flabby. On section a email quantity of thick blood flows from the 
hepatic veins. The parenchyma has a peculiar mottled appearance. The minute 
hepatic vessels are surrounded and sheathed by zones ofa pale yellowish color. The 
intervening territory of a brownish-red color corresponds to areas containing much 
blood. Much bile iqjection observed (PI, m, Fig. I). Fatty degeneration everywhere 
noticeable with variable intensity. 

About one pint of very thick, flaky bile in the gall bladder. Extensive deposit on 
standing. 

Kidneys weigh each about 2} pounds. The parenchyma has a uniform dark, brown- 
Ish-ied color tlironghout. The glomeruli appear as blood-red points. In fresh 
sections of cortex and medulla, the entire capillary system found gorged with blood 
corpnsolee. Very few parasites detected by this method. In the medulla the straight 
tnbules contain granular reddish pigment. In the bladder fully three quarts of 
dark-red nrine, barely translueent in layers 1 inch deep. Keaction alkaline. Sp. 
gravity 1020. Precipitate with acetic acid. About 1 per cent of albumen according 
to Esbsoh's test. Slight deposit of orates on standing in refrigerator, disappearing 
when heated. 

Digestive tract. Uncosa of fourth stomach uniformly reddened. Scattered over 
it are small papular elevations, 1.5 mm. diameter, with central perforations. (Pits 
made by Strongylut Ottertagi.) Marked hyperemia of Jejunum and ileum. In the 
large intestine, the summits of the longitudinal folds are either hypensmto or pig- 
mented. 

In uterus a fcetns 3 months old. 

In tlie marrow from the sixth rib most hnmatoblasts have two nuclei, a few thre» 
and even four. 

In stained preparations from the various organs and tissues the following percent- 
age of infected oorpnsolea represents a rough estimate: 

PtfOSSt. 

Marrow fi«m rib 5 

Blood from subcutaneous veins ., 10-15 

Blood from right heart 10-15 



Spleen 10-20 

Liver 20-30 

Capillar; blood ftotn heart muacle audoiaentnm (Fl-VI, Figs. 1,2) 50 

Kidn6y(Pl.iv, Fig. i) , 60-80 

Blood of fcetna, umbilical vein, none. 

The parasites were cither round or pyrifonn, from 1 to 2 /i in diameter. Many 
were paired. In capillnry blood the pyriform bodies more abundant than in the 
paienoliynia of the organs. (For temperatnie record, see pp. 274, 375,286, and 286.) 

No. 131 (native). — Heifer, 2 years old, received July 8, 1890, &oin Prince George 
Connty, Md. 

Jnly 29.— Placed in box stall and fed 600 adnlt live ticks collected July 21-26 near 
New Berne, N. C. A large mass of eggs had been laid meanwhile. Of this masa a 
qnantity weighing 70 grains was remored for hatching. A stUl larger qnautity was 
fed with the ticks. The whole was fed after being mixed with lawn grass and mill 
feed. 

Angost 12. — Fed 900 mostly adnlt live cattle ticks, collected AngnHt 1-7 inclnBive, 
near New Berne, N. C. A mass of eggs weighing 330 grains wu removed. A large 
mass remained which waa fed with the ticks as before. 

August 18. — Fed 500 adnlt ticks, mostly alive, with a mass of eggs weighing 200 
grains. These had been collected at the some time with preceding lot. 

September 30. — Eemoved from stable to field I (&ee &om infection). 

November 3.— No rMnlt to dftt«. (For temperatac«ieaoTd, we pp. 274, 27(i, uid283.) 
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N». ISt (imMm).— Heifer, 2 rears old, received Jnl; IS, 1890, &om Prince George 
County, Hd. 

August 13. — Exposed in Field vi (Sonthem cattle with ticks) ; kept ap to this A&te 
in tm oninfected field. 

August 27.— Temperatiue, 106.1; pulse, 96; raspirstion, 36. Corpnaclee, 2,313,000. 
In stained preparations of blood one-half to 1 per cent of red corpuscles contain 
large paraeiUs. 

The animal ia at this date very mnoh emaciated and weak. Has been sick for two 
days. A large number of ticks about one-eighth inch long attached to its body. 

Angnst 39.— Temperature, 97.4; pulse, 92; respiration, 28. Corpnsoles, 1,840,000. 
Parasites aie scarce in stained pieparations, but punctate and tinted oorposcles 
have appeared; inflfesb preparations a small number of corpuscles containing motile 
bright bodies and amieboid parasites. 

Inasmuch as the animal was in a dying condition. It was killed by a blow on the 
bead and the autopsy held at ouee. 

Anin>al weighs about 450 pounds. Many small ticks on thighs and odder. 

Heart: Diffoae extrarasations beneath endocardinm of left ventricle, especially 
marked near apes. In right Teutricle extravasation alight. Myocardinm not af- 
fected. Condition of blood the same as that from skin incisions. 

Lungs normal. 

Spleen weighs 2^ pounds. Pulp dark brownish red and somewhat friable. Mai- 
pighian bodies still viaibleoD the cut surface. (See Plate vn. Fig. 3.) 

Liver weighs about 9 pounds. Appears enlarged. The surface reddish brown, 
with paler mottling along the conrse of minute veins. In freali sections very exten- 
sive fatty degeneration observed. Each cell contains ftom 1 to 6 fat globules as 
large as red corpuscles. Bile injection observed in small, restricted areas. In fresh 
teased preparations corpuscles with large parasites readily detected. 

About one pint of bile in gall bladder. It contains an abundance of flakes and 
mucus, so that it ponxs like very thick molaesee, cohering in long flat bands as it 
leaves the vessel. 

Kidneys on surface and section have a uniformly biownish-red color, with excep- 
tion ol tips of papilbe, which are somewhat paler. In &csh microscopic sections 
much granular pigment observed, scone in the form of casts in the straight tubules. 

In the straight vessels of cortex and medulla massee or plugs of red oorpnsclea 
may be seen, every one containing one or two large, roundish parasites. In a teased 
preparation in one field out of 11 corpuscles 4 contained pairs of pyriform parasites. 

Urine reddish yellow. A slight flooculent precipitate forms on standing. Acid. 
8p. gr., 1013. A smoU quantity of albnmen present. 

iMgeative tract: Ifuoosa of fourth stomach bos a faintly bluish color. The char- 
acteristic pitsdne to Strougjfliu Oiterto^ present. Mncns in small intestine slightly 
increased in quantity. Cncnro thoroughly impacted with very dry fecal balls. 
The same condition of colon and rectum. 

In stained preparations of spleen about 2 per cent of the red corposcles contain 
single or paired pyriform bodies. Liver as many as 6 per cent. 

Kidneys : An inunenae nnmber of free parasites. Of the small number of corpus- 
cles present fully 30 p«r eent coataiu pom of pyiifbrm bodies. (For t«mp«r»ture 
record, see p. 2Tf>.) 
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220 TEXAS OB SOUTHERN CATTLE PEVER. 

From October ^ the emaciation was extreme. It finoll; became ao ireafc th^t it 
WBB unable to move. On October 30 it bod been lying iu oD<t position for thirty-oix 
honrs past, cbewiog tbe cad inceusntly, eating a little hay and drinking water 
freely. On HoTember 2 it pauea into a partly coinatoae condition. Eating and 
rumination have ceased. On NoTember S it was killed by a blow on tbe head. 

Autoptii : Bitrome emaciation. Heifer weigba 200 poanda. Original weight about 
KIO-400 poimda. A few small, and one nearly full grown tick still on animal. 
(Edema of the snbcntis over tbe region of the «t«rnnm, Indications of fat absorp- 
tion everywhere in the large cavities. Blood olote qoiokl; and flmily. 

Lungs normal. Heart somewhat flabby; fatty, and cloudy changes of fibers of left 
ventricle. Spleen weighs i ponnd, Hmoll, flabby, Malpighian bodies prominent. 
Much pigment in lompe foand in teased preparations, both free and intracellular. 

Liver, small; weighs aboat 4 pounds. In general pale and bloodless. Cells con- 
tain mnch pigment in form of minnte grannies. There are also a considerable num- 
ber of aeUs observed in teased preparations np to 15 m in diameter completely filled 
with lamps of brownish pigment. These are found qnite nniformly distributed 
when sections are made. 

Gall bladder contains nearly a pint (STSco.) of viscid, dark bile, holding iu tna- 
pension a moderate qnantity of flakes- 
Kidneys pale, No gross lesions observable. In sections of freeh tissue consider- 
able pigment in inmps in glomeruli; in the epitheliom generally much pigment in 
minnte granules. 

Urine from bladder yellowish, faintly alkaline. Sp. gravity, 1038. No albumen. 

Digestive traot; Contents of fonrth stomaohsmell badly. Considerable mncns on 
the membrane, whioh is beset with worm pite. Many worm modules in walls of 
jlenm. In large intestine a considerable qnantity of turbid Uqnid. Many speci- 
mens of (EMpliagottoma in the rectom and upper colon imbedded in a mass of partly 
coagulated blood mixed with mncns. 

In stained preparations of blood from the right heart, of spleen, liver, and kidney, 
one red corpuscle in every one or two fields of the microscope contains a pair of 
pyriform bodies. (For the temperature reoord, see page 283.) 
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222 TEXAS OK SOUTHERN CATTLE FEVER. 

No. 139 (natire). — Cow, 6 years old, Teceived Angiut 30, 1890, from Prince George 
County, Hd., nad exposed in field II (Texas uattle with ticlcB). 

September 11. — Temperatare, 106.2 ; pulse, 84; respiration, 72. Red corpascles 
&,285,000. In fresh praparatione of btood » comparatively large nnmber of corpna- 
clee oontain bri};ht motile points, perbaps 10 or more in each field. In stained prepa- 
rations no abnormal elements detected. 

September 13. — Cow dead this morning. Some animal heat still present in tlie 
body. Qnite sick yeater<lay evening, bat still on ber feet. 

Aatopag : Animal weighs abont 700 pounds. A small number of qnite gmoll ticks 
attached to body. Blood from a Bnbcataneous vein was examined at.9;50a. m. In 
fresh preparations a consideraLle number of corpuscles contain the bright bodies. 
A small nnmber contain each one or two ronndish pale bodies 1 to 2 /i in diameter. 

In stained preparations about 10 per cent of the corpuscles are infected. The 
parasites Rre not all of the same age. Some are ronnd bodies 0.7 to 0.8 fi in diameter, 
sitaated near or at the periphery of the corpuscle. Usually but one in a oorpuscle. 
In a small percentage the parasites are in pairs, itom 1 to 2 jU in diameter, slightly 
pear shaped and more centrally situated. 

In blood from the heart the fresh preparations show numerous corpuscles contain- 
ing the bright bodies as well as the larger pale parasites. The stained preparations 
do not differ from those obtained from the blood of the suboutaneons veins. 

Lungs not fully collapsed. The small anterior lobes somewhat hyperemic and 
emphysemato us. 

Heu't shows more or less ecchymosis under epicardium of left ventricle, with pete- 
chite on the fat at the base. In both ventricles a small elot with some fluid blood. 
Extensive extravasation under endocardium of the left ventricle. One small area 
in the right. Myocatdinm normal. 

Spleen weighs it pounds; engorged, very friable. Tliepnlp has a dark-red glisten- 
ing appearance, obscuring Malpighian bodies entirely. 

Liver weighs 16 pounds; enlarged, edges rounded. Much blood flows from the 
hepatic veins on section. In the larger ones are occluding thrombi 6-7'°'' in diame- 
ter, some branohed. They are mottled grayish and dark red and appear to be com- 
posed ohiefly of blood plates. In teased preparations and fresh sections of liver 
tissue the bile iojection is fonnd generalized and the fatty degeneration coextensive 
with it. Oooosionally minute red needle-like crystals observed. In sections of 
liver tissne (hardened in alcohol and embedded in chloroform paraffin) stained in 
htematoxylin, the trabecular arrangement of the parenchyma has largely disap- 
peared. The cell protoplasm is finely vacuolated in some places. In others the 
vacuoles are qnite large. There is more or less unclear disintegration over the inner 
zones of the lobule. Cells with normal and partly degenerated nuclei and some 
without nuclei are intermingled. 

In the gall bladder abont one pint of bile, which holds in suspension an abundance 
of yellowish floccnli, but still flows readily. 

Kidneys show intense congestion throughout. All capillaries gorged with blood. 
In tubules Inmps of yellowish pigment. In sections of kidney tissue (hardened in 
Mailer's fluid and embedded in chloroform paraffin) stained in hiematoxylin, the 
parenchyma appears undisturbed by pathological changes. In all the capillaries of 
the glomeruli and the tubules which are distended with red corpuscles, tlie latter 
qnite invariably contain each one or two parasites. Urine in bladder (2 to 3 qnorts) 
has a deep port-wine color and is quite opaque. A faint light transmitted through 
a layer} inch deep. Specific gravity 1027. Alkaline. Acetto acid gives an abun- 
dant flocculent precipitate. With Esbach test 2.1 per cent albumen present. 

Digestive tract: Contents of third stomach dry and hard. Mucosa of fourth 
stomach is of a dark, bluish-pink color. Worm pits abundant. In the pyloric por- 
tion a considerable nnmber of erosions with blackish base and puckered margins. 



,db,Googlc 



The mncosa of the imall inteetiue hypertBmic and covered with a thin layer of 
mncns. 

Cscoin contaiDB soft feces. Macosataypenemio. In the rectum considerable pig- 
mentation along eummits of longitadinal lidgea. Feces soft. 

In stained preparations the foUowins approziiiiate flgarea of infected oorpuaoles 
were obtained: 

In blood ftom sahoutis and right heart, 10 per cent; in spleen, 20 to 30 per cent; 
in liver, 20 to 30 per cent; in Iddneys, 50 per cent; in addition a very large number 
of free parasites coming from disintegrated corpuscles. Perhaps one-half of the 
infected corpuscles contain each a pair of parasites. They are 1 to 2 ^ in diameter. 
(For the temperature record, see pp. 271, 275, and 276.) 

2fo.l40 {native). — heifer, 2 years old, from Prince George County, Md. Beceived 
September 9, 1890, and plaoed in box stall an a neighboring farm on which Texas 
feveihad never existed. The animal, therefore, has not been on theatation grounds. 
Blood oorpneoles, 8,047,000. In several preparations of fresh blood a small nnmber 
(perhaps a dozen fonnd in a preparation after a little searching) of bright bodies 
observed within carpnscles, some in motion. 

Several thoosand young ticks, batched three to fonr days ago, were placed on the 
thighs, ndder, and flank of this heifer, which was thrown for this pnipoee. (See also 
No. 137.) 

September 22. — Temperature, 1IS.5; pnlse and reepiration, 96. Corpuscles, 
6,790,000. The nnraber of bright intraglobolar bodies increased. Several small 
parasites observed within corpuscles in dried and stained preparations. Animal 
well covered with yoong ticks the size of hemp seeds. 

September 27.— Temperature, 101.4; pulse, 84; respiration, 96. Corpuscles, 
2,800,000. Tend to crenate and shrivel. Bright bodies diminished in number. No 
parasites detected. The nrine examined to-day is normal. The amount of carbon- 
ates diminished. 

September 30. — Temperature, 102.5; pulse, 96; respiration, 78. Corpuscles, 
2,628,500, A considerable number of macrocytes now present. In general the cor- 
puscles show a tendency to ctenate. In iresh preparations a moderate number of 
lutraglobnlar, rather large, paired parasites are detected. In stained preparations 
about 1 to 1 per cent of the corpuscles are Infected with large parasites. There are 
also about 2 pet cent of the cells pnuctate, and a smaller number ore diffusely stained. 
Brought to experiment station to-day and placed in a stall in the bam. 

October 2. — Found dead in her stall, with head drawn back and to one side. Con- 
siderable heat still in body. 

AuUipiy at 10 a. m. .- Animal more or less wasted by the disease; weighs about 600 
pounds. On thighs, ndder, neck, and sboalders a large number of ticks, some full- 
grown and ready to drop off; others jnst completing the last molt. 

Lnngs retain expanded form when thorax is opened. One of smaller lobes on the 
right slightly bypernmic. In both brniichi are firm, dark blood clots, extending 
into branches. There is no blood in the month or upper air passages nor in the 
(BSOphogns. The sonrce of the blood not discoverable. 

Heart: Eccbymoses on the left ventricle, with marked injection of the smallest 
vessels visible to the naked eye. The right heart contains a firm, dark clot extending 
through auricle into large veins. Left contains a small clot, quite firmly contracted. 
I'atty degeneration of fibers pronounced. 

Spleen weighs 3J^ pounds. Parenchymasoft and yielding; oongested. Malpighian 
bodies prominent. Very little pigment observed in teased preparations. 

Liver weighs about 11 pounds. More or less enlarged. Parenchyma of a pale 
brownish-red color; textnie still firm. In the hepatic veins a considerable quantity 
of fluid blood. In sections of fresh tissue the bile ittjeotion appears only in small 
patches, accompanied by extensive fatty changes. In the remainder of tJie paren- 
chyma the hepatio cells contain much pigment in the form of granules barely viaibl* 
•t 500 diameters. 
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Abont 400 onbio CMtimeten of var^ thick, tnrbid bile in the gall bladder, holding 
a large qnuitltf of yellowiah floconli in suspeiuioD. 

Tho kidnejB ore vetj pole thittoghont, and quite flabby to the touch. In fresh 
seotioiia no marked obonget in the epitbeliiun obierred. 

The bladder oontaina | liter of light elaret-ooloced nrine. Faintly olk^ine; spe- 
cific gravity, 1012. Blight floocalent precipitate after boiling. 

DigMtiTe tract; Contents of third atomooh Bomewbat firm. In fonrth stomach 
from 1 to 2 liters of a turbid liquid. Macosa qnite pale and free from auatomioal 
changes, In dnodennm, bUe-stainiug marked. Occosionalpatcbeeof vasonlarinjec- 
tion. In the walls of the ileum worm tnbeiclea. The mncosa normal. Soft feces 
pieaent. 

In the omciim a large quantity of soft feoea; colon and reetom empty. Hncoea 
thronghont nn^ected. 

In U>e varions organs infaoted ooTpnaolea are present, bnt in small numbers. The 
parasites are roundish, abont 1.6 m in diameter. FuUy one-half of the infeoted oor- 
pnscles contain two, the rest one parasite. Their distribution is as follows : Heart's 
blood yexy few;Bpleen2to 3 percent; liver and kidneys 5 to 10 per cent. (For tem- 
perature record, see p. 283.) 

No. US («oHw).— Heifer, 1 year old when received, September 16, 1890, from 
Prince Ooorge County, Md. 

Blood was taken on this day fiom heart of No. 90 about one-half hour after death. 
ThlBwasbeateninasterilebotUe withsterile glass rods and kept at 35^ to 40° C. in 
a warm chamber from 2 to 3 :30 p. ra. 

The left external Jugular vein of No. 112 was exposed by making an inoision 
through the akin 1} inches long. The needle of a syringe was made to pnnotnre the 
wall of the vein made tense at the root of the neck by pressure, and 7 cubic centime- 
ters of blood iqjeoted slowly. Three stitches were naod to bring together the edges 
of the skin incision. The animal was placed in the some inclosure with No. Ill 
(field I) and a healthy control animal, No. 143, from the some source, woe placed 
with it. The wound healed qniokly and normally. The following table gives the 
reeolt of the examinations of the blood. The complete temperature teoord may be 
found on page 275: 

JTo. i« (naiiM). 





of red nor. 

pDHlM. 


Fuadtce in red oorpniolu. 




II 


Date. 


•Sir- 


Dried and BUIned. 


tioDB. 


Dried and ■taliwd. 


IBM 


8,890,000 
S, 130, 000 
4,802,600 

3;bO2,*O0 

G, 083. 006 

1,332.000 
S, 580, 000 
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226 TEXAS OR SOUTHERN CATTLE FEVKR. 

-Yo. 1.14 («rt«(r).— Ci.w, 8 year* old, received September 17, laW, from Itfaryland, aud 
idated in vrooded Field X (Fig,f),p, 102). On thin dny n conaideralilc number of 
ticks Itntcliad in the Inboratur; were pl»ce<l on tliis luiimal. Tbe liatchiu^ began 
HepteiDber 4 and continued several days. (See alHii Noe. 137 and 140, to irhich ticka 
fruu tlie same lot were applied.) 

September 18, 11 :30 a. m.— Temperature, 101.2. Ked corpuatlea, 6,299,000; nxrmal. 
In firesb blood a few corpuaclea contain bri};1it motile bodies. Nothing detected in 
stained preparations. 

September 25. — A second lot of young ticks ]>bi<'ed on this animal. 

SepteffibeT29.— Temperature, 106.2; pnlse,.'i4; respiration. 27. Bed corpnuclex, 
4,934,000. In fresh preparations a few corpuacles contain briftbt motile bodies. In 
one oorpnscle a large parasite. In stained preparations about one itife('t«d eorpusele 
in every two or tbree fields. The contained parasite is irregularly roundish and 
■l)out 1 ^ in diometei. A large number of small ticks visible between tbighe and on 
oecntcheon. 

October 3. — Cow fouuit dead this tnoming ; seen alive yesterday at 5 p. m. 

Anfitpty nota. — Body in fairly good condition, weighing about 550poQnds. A large 
number of ticks on the inside of tbe thighs down to bocks, on tbe escutcheon, and 
udder; a few on neck, shoulders, and in the axillii. 

Heart,— A considerable number of punctiforin beninrrhuges under the epicardiuni 
of both ventricles. In the right ventricle a small dark clot and some fluid blood. 
In the left, which is qaite lirnily contracted, a little clotted blood. Much extravasa- 
tion under the endocardium of this ventricle; especially marked on the papillary 
muscles. 

Id blood l^m the heart examined ftesh a suiull number of corjiiistles contain 
motile and nonmotile bright IradieB. Several contain the large stage of the Texas- 
fever parasite. Kxamination made niisatisfactory, owing to post-mortem shriveliug 
and distortion of tbe red corpuscles. 

Langs only partially collapsed, slightly congested, and iBdematous. Trachea and 
bronchi coated with fine froth ; mucosa of trachea reddened. 

Spleen weighs 4i pounds. Under the capsule several large patrbes of extravasa- 
tion. Pulp very soft,dark. Usual markings no longer visible ou section. Very 
little pigment detected under microscope. 

Liver weighs about 12^ poundH, Fain yellowish brown. On section, the yellow- 
ish color very marked. The cut ends of the hepatic vessels discbarge thick blood. 
On the varions surfaces are seen irregular yellow spots about i inch in diameter, 
which correspond to yellow foci eitcuding into the liver tissue for i to 4 inch. In 
fresh sections under the microscope about { of each lobule has its bile capillaries 
distended with bile, accompanied by extensive fatly degenerution. The yellow spots 
above mentioned represent masses of tissue comjiletely degenerated. Numerous 
mioioscopic blood-red needle-like cryslals in (he Iresh tissue. (Plate iir, I'ig. 2.) 

In tbe gall bladder the bile is very thick with solids and mucus, so that it scarcely 
flows when poured. 

Kidneys uniformly and deeply congested. In the convoluted tubes of cortex a 
large quantity of fine yellowish pigment may be seen in fresh sections. In the 
bladder over three pints of urine, having a deep port -wine color. It is barely trans- 
lucent In a J-incb test tube. Feebly alkaline, SpeclBc gravity, 1015. Heavy floe- 
ciilent precipitate, with acetic acid in the cold. About 0,6 per cent albumen present. 
In the Torious organs and tissues examined stained, the intraglobular iiarasiten 
appear as round coccus-like bodies, either one or two in a corpuscle from 1 to 1.5 /i 
in diameter. The infected corpuscles are scarce in blood from heart; in the spleen 
there are about 2 per cent. They are slightly more abundant in the liver. In the 
kiduey there are ftom 20 to 30 per cent. Besides these parasites there are present 
large post-mortem bacilli, in small nuuibers in the blood and spleen, abundant in liver 
pud kidney. (For temperature record, see p, 283.) 
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APPENUIX. 231 

jVo. WJ(ii«/i(!p).— Heifer, 1 year old, recei veil Maroll 16, 1891, front the District 
nl' Uolumbia. In Muy, ]i1ace(l in wuadeil Held No. X, with several North Carulinai 
cattle of 1889 and 1«90. (The diseiiHB was indnc'ed in this animal by ticks wlii.^li 
wintered over from the folJ of 1890. ) 

Septemher 1, 1891. — Temperature, 103.7 ; pulae, 132 (due to i-hasinK) ; respiration, 54. 
The animal to-day ix thin and weak. A consideral>I« niimber of ticks of viiriona 
stages on the thighs and udder. Condition of tlie liloodr Red rorpuscles 2,075,400. 
In tbe ftesh preparation of blood from skin probably 20 peri-entof the eorpusolosnrH 
enlarged (macro cyteM). One intraglobiilar bright l)ody and one ha>maloblast de- 
tected in one fresh preparation. In several stained preparations a large percentage 
of the in»flrocyt«8 are either nniformly tinted or ul^e punctated. Aftet along search, 
several large pyriforni parasites detectPd within corpuscles. 

September 7. — Temperatnre, 103.2; pnlse, 96; rospinitimi, 52. Rod corpuscles. 
3,433,300; white corpuscles, 10,000. Fully 30 per eent are larger than nominl. 
Tiat«d and pnnctat«d forms have disappunred. 

Octobers. — Afew large ticks on animal. Temperature, 100; pulse, 85; respiration, 
42. RedcorpuBcIea, 4,1B1,800; white, 10,909. A <!onsiderublo uiimber are macrocytes. 
In stained preparations nothing abnormal besides the variation in nixn. 

November 4.— Temperature, lOO.H; pnlse, 72; respiration, 24. Red corpnscles, 
B,984,000; white corpuaclea, 18,7S1. Nothing abnormal in stained and itesh prep.i- 
rutiooa. 
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APPENDIX. 235 

No. 16S (native). — Cow, iige 6 years; received September 1, 1891, from Maryland. 
Placed in uninfected field XII. 

September 26. — Animal first observed dull »nd refusing to eat. 

September 28. — Temperature above 1(M° F. Tbe animal is very weak, disinclined 
to move, and remains in ahed. Fetea pasaed in small quantities at short intervals; 
stained yellow and quite liquid. 

September 29. — Found dead this morning. 

Autopty: Body fairly well nourished; weighs about ^0 pounds. No ticks ob- 
served, though very carefully looked for. 

In abdomen the omentum shows iigected patches. Under the serosa of fourth 
stomach a patch of eitravasated blood 10 inches long and 2^ to 3 inches wide. 

In thorax, luugs somewhat (edematous. In both ventricles of heart considerable 
fluid btoudand a small clot. Capillaries of heart muscle gorged with red corpuscles. 
Fatty degeneration of fibers. 

■Spleen weighs i pounds. Pulp blackish, softened. Usual markings on section no 
longer visible. 

Liver weighs about 16pounds. On surface and on section the tissue has a difluse 
yellowish hue. Fatty degeneration and bile injection as yet slight. In tbe gall 
bladder about 6 ounces of yellowish green bile, holding an abundance of flakes in 
suspension. 

Kidneys uniformly congested throughout. All capillaries choke<l with red cor- 
puscles. In the Idadder about 1 quart of urine, having a deep port-wine color. 
.Specific gravity, 1022; reaction, ne.utral. Abundant precipitate, with acetic acid in 
the cold. Esbach's tost gives 3 per cent albumen. In uterus a foetus about 6 
niontha old. 

Stained cover-glass preparations Horn the bloml and tissues show an extensive in- 
fection of red corpuscles with Teias-fever parasites. The parasites are mainly 
roundish, either single or in pairs, and not yet full grown. Their approximate num- 
bers may be given as follows : 

Per coDt. 
Rlnod from subcutaneous vein, about 5 

Blood from heart, about C 

BliHid from marrow of rib, about a 

Spleen 10 

Liver tissue 40-50 

Kidneys 70-80 

Heart ninscle (capillary blood) 30 

No. 163 (naUne).— Cow, 6 years old, received May T, 1891, from Miii'.vlaiid. 

July 2.— Placed in field VI (Horth Carolina cattle with ticks). 

August 13. — Temperature, 102.3; pnlse, 51; respiration, 48. Bed corpuscles, 
.'i,000,000, A small number of corpuscles contain bright bodiea. Stained prepara- 

August 24.— Temperature, 106.8; pulse, 66; respiration, 57. Corpuscles, 3,388,800, 
In fresh preparations a moderate number of corpuscles coutaining bright bodies. 
They vary in size from barely visible point* to i /i in diameter (x 680). The small- 
est are most active, altnongh all sizes are observed to change their place within the 
corpuscles. In stained preparations a very few corpuscles contain eaeh a pear- 
shaped parasite, 

August 25. — Animal is dull, quite weak, and losing flesh rapidly. Temperature, 
107; pulse, 80; respiration, 24. Corpuscles, 2,643,000. The l)lood from the skin, ex- 
amined fresh, contains corpuscles with bright bodies and some which contain the 
pale, pear-shaped ]>arasiteB. Those containing the latter have a degenerated appear- 
ance. Amt^boid changes detected on the warm stage. 

Killed by a blow on the liead at 11,45 a, m., and the autopsy made immediately. 

Weight of animal about .'lOO pounds, A large number of ticks on the escutcheon 
and inner surface of thit,'hs; they are especially abundant on the escutcheon, where 
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they arc croivded cloae togetUei over an ar«» R inches long by 2 inohes wide ; on tfa« 
aMomeo and thighs they aveiftge abont 4 to the aquare inch. A considerahle Dnm- 
ber ate attached to the nec'k, In &ont, from the larynx to the sternora. 

In ahdomen the omentum oreithe paunch iihows onmerous hyperwmio patches. 

Heart and lungs normal. Strongyli in the bronchi. 

Spleen weighs 2|ponndj; engorged with blood-corpneclei as shown on the cnt sur- 
face, whicb has a black:berry-}am color. Trabeciilie and Halpighian bodies barely 
Tisible. Seyeial specimens of an unknown fllaiia in the connective tissue between 
spleen and pannob. In the pulp, examined fresh, a little pigment in irregular lumps. 
Liver weighs 14 ponntls ; it appears slightly enlarged and paler than in the normal 
condition, boti) on surface and on section. In fresh sections the intralcibnlar capil- 
laries are found filled with corpuscles, the celts somewhat clouded and containing 
very minute pigment particles. Bile injection and fatty degfineration absent. The 
bile, although darker than in health, contains no floccnlent matter. The macosa of 
the fourth stomach quite no iformly reddened thronghont; it is beset with paler 
spots from 2 to 8 to a square inch {probably the places where Stron/isJiit Otttrtagi 
is encysted). Strongijlvt eonUirlui abundant. The villi of the small int«stine are 
injected, the injection diminishing in intensity from above downward. Mucosa of 
cscum pigmented along the summits of the longitudinal folds. Colon and rectom 
normal. 

Kidneys uniformly and intensely congested. Capillaries distendal with red cor- 
puscles. Tlie urine in bladder of a dark port-wine color. Specific gravity, 1,020. 
Alkaline. An abundant brownish precipitate when acetic acid is added. With E«- 
bach's test, 0.3 per cent allnimen. 

A large number of dried and stained preparations from blood and the ffssnes of 
various organs were ciamined to determine the relative abnndanco of the infected 
corpnacles. Tlie parsaites were, as a rule in pairs within the corpnades, each 
containing one, very rarely two pairs In form they were quite invariably pear- 
shaped. A few were roundish, and of these there was but one in a corpnscle. 
The relative distribution is approiimat«ly ns follows: 

Marrow of rib, very few infected corpuscles. 

Skeletal mnsoles, very few infected corpuscles. 

Blood fifom skin, very few infected corpuscles. 

Bloodfromleft heart, 3 to 3 per cent; blood from right heart fewer than in preced- 
ing; blood from lung ti8Sue,2 to3 per cent; spleen pulp,5 per cent; liver tissue, 10 
to 20 per cent; kidney tisane, 10 to 20 ppr cent; hyperaemic spots on omentum, 50 
per cent; heart muscle, 50 per cent and many free forms. 

At the autopsy many fresh preparations from the various regions of the body were 
likewise scrutinized. In addition to the pear-shaped pairs within corpuscles the 
minute bright bodies were always detected. (For temperatnre record, see p. 286.) 

No. 1S4 {native). — Cow, 7 years old, received May 7, 1891, ftom Maryland. 

July 2. — Placed in field XI (North Carolina cattle without ticks). 

August 26.— Temperature, 106.4; pulse, 93; respiration, 100, Corpuscles 4,142,800. 
In fresh preparation, a few bright motile iutraglobular bodies. No large parasites 
seen. In stained preparations, after a long search, two intraglobular forms of irreg- 
ular outline seen. 

AngnatSl. — Temperatnre, 102; put8e,64; respiration, 44. A large number of small 
ticks on animal. Skin praeticalty bloodless, so that many incisions were made be- 
fore a drop of blood could be obtained. Red corpuscles, 1,661,000. Both fl*esh and 
■tuned preparations negative as regards parasites. Animal quite sick. 

September 2.— Animal very weak, lying down and unable to rise. Has lost flesh 
rapidly within the past four days. Feces bile-atained. Temperature, 98; pnlBe,78; 
respiration, 20. In two fresh preparations only three infected corpuscles delected 
after a long search. There are present about 10 per cent of macrocytes, some fally 



.dbyCoOgIc 



APPENDIX. 



237 



twice the diameter of normal red corpnacleB. When Btuined a few tinted co^pus(^lea 
and some htematoblaata detected. 

September 3. — Found dead early this morniug. 

Autopgg, 9 a. m.; A few tioka on thighs and adder. Rather strong odor of decom- 
poBition when abdomen opened. 

Thorax. Heart appears pale and llabby. In both Bides large, dark soft olot«. 
Cloudy swelling of muscnlar tiBBUe. Lnnga tedematons. Interlobular emphysema 
in right principal lobe. 

Abdomen. Spleen weighs t pounds. Verj soft and flabby. Pulp diffluent. Con- 
siderable amoont of pigment in lumps and grauales. 

Liver weighs 15^ pounds. Enlarged and flabby t-o the touch. Color markedly 
pale yellowiHh, with occasional spots of deeper yellow sprinkled throughout paren- 
chyma. On closer inspection, the yellowish color is limited to the inner zones of 
the acini. The out surface hae thus a mottled appearance. In f^esh sections much 
fatty degeneration of the hepatic cells, many of which contains lumps of pigment. 
Very little bile injection. 

Qall bladder contains over a pint of very thick, viscid bile, holding in suspen- 
sion a large amount of flooculent matter. 

Kidneys pale and flabby. Pelvis ecchymosed. No distinct pathological chiinges 
observed in fresh sections. Very little pigment in the epithelium. Bladder empty. 

Paunch nearly empty. Contents of third stomach more or less dry, impacted. 

Microscopic examination of dried and stained cover-glass preparations gave the 
following resnlt: 

Blood from the heart contained large post-mortem bacilli, but noparasites. Blood 
from the subcutis equally negative. 

In the spleen no parasites but bacilli present. In the kidney and liver very few 
blood corpuscles ; many bacilli but no parasites. 

In the uterus a fattus 7 mouthH old was found. Skin stained bright yellow over 
the entire body. In 1>lood from the heart 4nd in spleen pulp uo parasites were de- 
teeted, (For temperature record, see p. 287.) 

No. 165 {native). — Heifer, two and one-half years old; received June 22,1891, from 
Maryland. On Angnst 29 it received inte tlie right jugular vein ten cubic centi- 
meters of fluid made by crushing ticks one and on o-half mouths old in sterile water 
and pasaiog the fluid through a Pasteur filter. (See also No. 183.) Up te October 
30 DO signs of disease could be discovered, as is Hhown by the following table of the 
blood examination. The temperature record will be found on page 287. 
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APrENDlS. 2-11 

JVo, IG9 (nniiiw), — Cow, 8 years old, I'eceived May 28, 1891, from Muryland. 

September 1. — Placed iii field VI (North Carolina cattle witli ticks), Teniperji- 
ttire, 101.6i pulse, 66; reepirution, 12. Red corpueclea, 5,4^3,000. Fresh and Stained 
preparations sliow nothing abnormal. 

September 7. — Temperature, 101.3; pnt»o, 60; respiration, 60. Red cotpnBcles, 
4,966,600; white, 10,000. A few tlclcs and many lice on this animal. 

Sept«mbei 12. — Temperatnre, 108.4j pnlse, 72; respiration, 48. Red corpuscles, 
4,335,400; white, 12,903. Nothing abnormal in fresh and stainod prepaiHtions. 

Sflptember 14, — Found dead early this morning; abdomen distended with gas. 
Antopsy a few hours later. 

Animal weighs about 900 pounds. A large number of small ticks on thighs, 
escutcheon, udder, neck, and axilla. On removing the skin a small tumor observed 
in the left flank, which proves to he a hernia of a coil of the ilonm. Slight estravo- 
ation surrounding the opening in ahduuiiual muscles. The peritoneum covering sao 
very hypertcmic, similarly the mucous membrane of the involved coil. Nostraugu- 
lation. The protrusion probably occurred a. sburt time before death. 

Heart shows punctiform ecchymoses over left ventricle. A small white clot in thii 
cavity. The right ventricle contains a large dark clot. Lungs cedematons. 

Spleen weighs 8) pounds. Pulp soft; not so dark as in the average case of this 
disease. 

Liver weighs 13 pounds. Advanced post-mortem changes. In the gall bladder 
some turbid hile. 

Kidneys apparently unchanged. Bladder contains a small quantity of turbid 
nrine free from haemoglobin. It is alkaline and contains much albumen. 

Digestive tract. Contents of third stomachdry, and somewhat impacted. Fonrth 
stomach normal. Mucosa of upper jejunum and of a portion of ciecum markedly 
injected. The other portions normal, with exception of the prolapsed portion of 

The various tisanes show advanced post-mortem changes, and contain large post- 
mortem bacilli. Intragl oh ular parasites are very scarce in all the organs. 'I'hose 
present have the nsual rounilish form as found in the dead animal, and occnr singly 
or in pairs. (For temperature, see p. 286.) 

No. 170 (iia(if«).— Heifer, 1 year old received June 6, 1891. Kept in field XII, 

September 30. — Temperatnre, 101.8; pulse, 60; respiration, 40. Red corpuscles, 
4,300,000; white, 12,000. Nothing abnormal in fresh and stained preparations. 
This animal was not used in any experiment, but its blood was examined on this 
date owing to the unexpected appearance of Texas fever in this field at this time. 

2!lo.ne(.Simlhern).~Covi, 6 to 7 years old, received July 2, 1891. from near New 
Berne, N. C, and placed in field VI (Korth Carolina cattle with ticks). 

December 21. — Removed and sold. 

So. 17S {Southern). — Cow, 3J years old, received July 2, 1891, ftom near New Berne, 
N. C, and placed in field XI after the ticks had been carefully picked off by hand, 
(North Carolina cattle without ticks.) 

December 21, — Removed and sold. 

No. m ( Sou IS «rji),— Heifer, 31 years old, received July 3, 1891, from near New Berne, 
N. C, and placed in field VI (North Carolina cattle with ticks). 

December 21. — Removed and sold. 

No. 175 (Southern). —Cow, 4 years old, received July 2, 1891, froDi near New Berne, 
N, C, and placed in field XI, after the ticks had been carefully iiicked oGF by hand 
(North Carolina cattle without ticks). 

December 21. — Bemoved and sold. 

No. 176 {Sotithem).—Cow, 6 years old, received .July 2, 1891, ftom near New Berne, 
N. C, and placed in field XI after the ticks had been carefully picked off by baud- 



December 21,— Removed and sold. 
10320— No. 1- 
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No. 177 (Southerit). — Cow, 5 years cild, received July 2, 1891, from neurNew Berne, 
N. C, and placed ki field V'l (North Ciitoliua cuttle with ticks). 

October 30. — Remuved and sold. 

No. 178 (^Southern). — Cnw, 4 years old, received Jul; 2, 1891, from near New Beriio 
N. C, aod placed in field VI (North Carolina cattle with ticks). 

December 21. — Remuved and sold. 

No. 179 (Soulha-H).—Cow, 5 years old, received July 2, 1891, from near New Benin, 
N. C, and placed in field XI, after the ticks had been carefully picked off hy band 
(North Carolina cattle without ticks), 

December 21.~Remuvod and sold. 

Ne.lSO (native). — Heifer, age 2 years, received July 25, 1891, ftrom Maryland. 
Placed in Field I. From this date to August i. inclusive, about 20 to 30 yonng ticks 
were placed on this animal daily. (See No. 158 for source of ticks.) 

July 25.— Temperature, 102.i; pulae,80; respiration, 48. Red corpuscles, 5,396,800. 
lu A'esh preparations a few corpuscles oontainiug bright bodies. Stained prepar.i- 
tions negative. 

July31.— Temperature, 104; pulse, 70; respiration, 30. CorpnBclea, 4,462,700. Presli 
and stained preparations negative. 

Angnst 3.— Temperature, 102.1; pulse,60; respiration, 30. Corpnscles, 4,560,000. 
Fresh and staiued preparations negative. 

August 6.— Temperature, 106.7; pnlse, 72; respiration, 48. Corpuscles, 4,636,300. 
Blood examination negative. 

August 8.— Losing flesh and becoming weak. 

August 10. — Animal very weak and thin. Temperature, 107.7; pulse, 120; respira- 
tion, 87. Corpnscles, 1,864,900. In fresh and stained preparations a very small num- 
ber of corpuscles detected, containing parasites of medium size. 

August 12. — Died between 6 and 7 a. jn. 

Autopsy (9 a. m.). Animal has lust considerable flesb Bince the beginning of tbo 
fever. Weighs now about 400 pounds. 

Ticks on Uie inner surface of thighs, on abdomen, and neck. On the average about 
one to a square inch. They are still small, about i inch long. 

Heart surface well sprinkled with ecchymoscs. These are most numerous on tbe 
left ventriole. Both sides of the heart contain rather large, dark, Arm clots, that in 
the right being the larger. Considerable blood extravasation under endocardium of 
left ventricle, especially marked on septum. 

Lungs somewhat (edematous. 

Spleen weighs 2} pounds. Small blood tumors along the course of the vessels 
under capsule. 

Liver weighs 10 pounds; enlarged, edges rounded off. Tbe parenchyma bas a, 
yellowish hue. When examined with a lens the yellow coloration is found limited 
to tbe tissue around the hepatic vessels, la fresh sections bile injection appears 
restricted to small areas. Fatty degeneration well advanced. Tbe hepatic cells 
contain lumps of pigment, and red needle-like crystals are sprinkled over the sec- 
tion. Bile in gall bladder very viscid, and holds in suspenaion a large quantity of 
fiocculent matter. 

Kidneys deeply congested throughout. In bladder 3 quarts of urine, which has a 
light claret color. Specific gravity, 1018. Acid reaction. Albumen, according to 
Ssbacb, 0.2 per cent. On standing, urates are deposited. 

Digestive tract: A few hemonbagea on lamellae of fourth atomaoh. In tbe large 
intestine more or less pigmentation of mucosa. Contents dry and massed into line 
balls. Intestines otherwise normal. 

In preparations of heart's blood, parasites are rare. They are in general roundish 
in outline and but one within a corpuscle. In the liver there are about 1 to 2 per 
centj in the spleen still less. In one preparation of the spleen pnlp a capillar/ js 
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seen filled vith infected c^ocpuiivlus only. Eacb funtiiius two puraBites. lu tLe 
kidney uot Iosh tliau 10 iiercuiit of thu corpuscles uoutnin either oue or two paruHites. 
I'he large post-mortem liacilliis is hkewisu present in small niimtieTS. 

No. ISl {naiitc). — Cow, 3j years old, received August 28, 1891. 

Sept«mT)er 5. — Placed in field TI (NortL Carolina cattle with ticbs). Tempera- 
ture, 101.6; pulse, 54; respirBtLon, 90. Red corpuacloa, 5,673,400. White, 12,245. 
Notbing abnormal in stiuned prepiiratioiiB. 

September 12. — Temperature, 101; pulse, 72; respiration, 60. Ued ooi'puacteB, 
5,707,000. White, 6,900. iloth stained and fresh preparations negative. 

September 18. — Teuiperatuie, 106.4; pulse, 66; respiration, 102. Keil •orpuscles, 
4,134,600. White, 7,692. In stained preparations two corpuscles found infected with 
liivge parasites. 

tieptember 19. — Teinjierftture, 106.3; pulse, 76; respiration, 100. Red oorpuscles, 
2,970,000. White, 4,477. In stained preparations from one-half to 1 per cejit infected 
corpuscles, (^"om this animal blood was witlidrawn to-day from the left jugular and 
in,iected into the jugular of No. 185 and 186. After the withdrawal of blood the 
animal revises to rise. It was killed by a blow un tlie bead and examined iiume- 
(tiately. 

JaJopij; Animal weighs about 750 pounds; in fair condition. Ticks on the thighs, 
udder, pubic region, abdomen, and axilla in moderate numbers. 

Firm attachment of omentum and slight adhesions of spleen to wall of abdomen. 

Heart and lungs normal. Blood withdrawn before death and placed in beaker; 
tlots readily and firmly. In two liours much serum had been pressed out. 

Spleen weighs 4 pounds. Considerably enlaiged. Pulp, dark and soft, concealing 
Malptghian bodies aud trabeoulEe. 

Liver weighs 15 pounds. Enlarged, but nearly normal in appearance. The intra- 
lobular cBpillaries are dlsteuded with blood. No fatty degeueration and bile ii^iec- 
tiou as yet noticeable in fresh seotions. The hepatic cells contain minute pigment 
grannies. Gall bladder contains about one-half pint of bile which is oonsidera'bly 
darker than in the normal state, but holds only a smalt quantity of flocculent matter 
in saapengion. 

Kidneys more or less congested. In :ftesh sections capillaries densely packed with 
red corpuscles. The urine in the bladder is still IVee from coloriiig matter of the 
blood. Speollic gravity, 1024. Strongly alkaline. Trace of albumen. 

Digestive tract normal. 

The distribution of the infected corpuscles examined both in fteah and staiued 
preparations. In the tissues the following approximate numbers wore observed ; 

Blood of heart and skin, j to 1 per cent; spleen, liver, and marrow, J to 1 percent; 
kidney 20 to 30 per cent; heart muscle (capillary blood), 50 per cent or more (Plate 
VII, Fig, 1). The parasites were likewise readily found in unstained preparations. 
In all of these corpuscles the bright bodies frequently referred to were present. 
The parasites were all pear-shaped, usually a pair in a corpuscle. In the lluid ex- 
presse^l from the heart muscle many free pairs were seen. (For tempuraturu record, 
see p. 286.) 

No. 182 {native). — September 19.— A portion of the. heart muscle of No. 181, just 
dead, was cut up into small pieces and pounded in a sterile mortar with normal steril- 
ized salt solution. The reddish fluid was passed through filter paper at 1 p, m. aud 
kept at Od^'-K^^F. until 2 p. m,, when 14 cc. (one syringe full) was injected into the 
Icftjugularof No. 182 (sec, also, Nos. 185 and 186J. The subseiiuent history of this 
coso is comprised in the following table: 
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J^'<|. 183 (tiativ«}.—tit>it'!i;2i yuora old, rui!tiveil Aii(;iiHt 28, ISUI, floiii M»v;li 

August 29. — Keceivea iDto right jngular vein 5 cc. of fluid made by cruBhing young 
ticke, 1^ iDonlJift old, in sterile water and filtering through filter paper. (See No. 
165.) Plaeedin field IV. 

The following figures were obtained before tlie injection: Temperatnre, 101.2; 
pitlse, 72; respiration, 54. Red corpascles, 5,770,000. Fresh and stained preparations 
of blood normal. 

Septembers. — Temperature, 101.2; pulse, 84; respiration, 42. Eed ooipnscli 
6,583,300; white, 11,666. Microscopic eiamiuatinu, negative. 

September ID. — Temperature, 101; pulse, 60; respiration, 36. Red corpngcli 
6,5!>T,000; ichite, 9,615. Examination of blood, as before. 

September 18. — Temperature, 102.7; pnlee, 72; respiration, 60. Red corpuRCli 
6,000,000; white, 14,035. Examination of blood, as before. 

October 15. — Temperature, 101.8; pulse, 80; respiration, 36. Red corpuscles, 
6,206,800. In fresh preparations, a few bright bodies; stained preparations, nega- 

October20. — No result to date. Animal sold. (For temperature reeord,see p. 287.) 

No. 184 (nadne).— Heifer, 2 years old, received August 28, 1891. Kept in 
fected field II. 

Augnst 29.— Temperature, 102; pulse, 96; respiration, 54. Red corpnsrles, 7,530,000. 
Fresh and stained preparations, Dornial. 

September 15. — Placed in field VI (North Carolina cattle with ticks). Temper- 
ature, 101.6; pulse, 78; respiration, 40. Red corpuscles, 5,826,900; white, .1,769. 
Fresh and stained preparations, normal, 

SeptembeT39. — Temperatnre, 106.2; pulse, 90; respiration, 84. Red corpuscles, 
4,350,000; white, 10.000. In both fresh and stained preparations a few ooi-pusclep 
found infected with large parasites. 

October 1. — Temperature, 103.2; pulse, 108; respiration, 60. Red corpusch 
1,822,500; white, 6,451. Parasites as on September 29. 

October 2. — Fonnd dead at 6 a, m. Aniuial heat not entirely dissipated. 

Autoptji; Weight of animal, about 500 pounds. Condition still good. Tew few 
ticks on thighs. 

In the abdomen the omentum Is injected in patches. 

Lnngsslightlycedemat^ius. Several small foci of red hepatization. In both heart 
cavities a eonsiderablo amount of fluid blood. 

Spleen weighs 31^ pounds; enlarged; pulp dark and softened. Liver weighs Hi 
ponnds, of a markedly yellowish color and dnnghy to the tonch. In fresh sectionn 
the bile injection (Plate iir. Fig, 3) aud-the fatty degeneration of the purenchyraa 
very extensive. Large bundles of minute acicnlar red crystals scattered over the 
section. Gall bladder contains about 10 ounces of very thick bile, holding much 
flocculent matter in siispeusiou and scarcely flowing from the bladder. 

Kidneys uniformly congested. Pelvis dotted with ecchymoses. In fresh sections 
capillaries observed gorged with red corpuscles. Bladder contains 2 quarts of urine 
having a wine-red color. Acid. sp. gr. 1,018. Alinndant flocculent precipitate, with 
acetic acid in the cold. Allmmen, according to Esbach, 0.2 per cent. On standing 
a slight deposit of urates. 

Digestive tract normal. 

Stained preparations of the blood and organs contained infected corpuscles ap- 
proximatel; as follows: 

Fei cunt. 

Blood (subcutaneous and cardiac) ^1 

Spleen 2-3 

Kidney andliver 20ormore. 

Heart muscle lO-lTi 

The parasites are roundish, about 1 u in di.inii-ti-r. Some corpuscles contain two, 
others but one. (For temperature reconl, see p, 286.) T^'i-M-inlr 



TEXA.S OK SOUTHKKN CATTLK FEVEB. 



m 



if 






% 
% 

if 
I 
t 

I 



■i ^ a i. « »cf 

i i iliil lill|l! 


I 1 


||||8SS2 ;ss S3 


s a s 


■«ind iStSi isS Sg 


s s e 


lis ii ii ^i ^ ii 


s 1 


S 


1 M : ; :i 1 1 

ijJJJjiJiil ilil 


1 ' 


i 


i|n!H!| ! 11 




1 M M M \ M 

J 1 M i ; M i H 

1 1 iHN i ii 


11 1 
Itll 


it iliM If M 

1 jMi^lii js 11 






Ij 1! II :8i «| II 

1 !! ii m n is 


6,050,000 
(white, 16,250) 

8,328,000 
(white, 7,594) 

5,573,000 
(White, 8.536) 


, n-AliU ii si 

1 -sisifjaa '1 a=- 


1 1 


1 
)«glc 



APPKXDIX. ' 247 

Xo. 186 (nadre).— Keil cow, from 10 to 12 years old, roi'eiveil rrnm Muryliinil Se[i- 
tembei' 4, 1891, and plneeil in uiiiutei'ted field IT. 

.September 8. — Temiierttture, 102.2; pulse, 72; respiratinn, 48. Eed cotpnscles, 
4,980,700; wliito, 13,461. 

Sepl-ember 19. — From the jugular vein of No. 181, sick with Texas f«ver, a syringe 
full of blood (H ec.) was witbdrawn and injected directly into the right .pugnlar of No. 
186. (l''or details see the preceding case.) The blood of No. 186 was carefiilly esani- 
iiied microscopic ally before the injectiou. Id a fresh preparation one miunte round 
body, 1 /J iu diameter, seen in a corpuscle, slightly changing plnre. 

September 25. — Temperature, 106; pulse, 72; rfspiration. 78. Red corpuscleM, 
4,761,905. In preparations of fresh blood several eorpnsclee det-ected with large pyi'i- 
fnrm parasitee, each with a dark point (miclenst). In stained preparations none 
observed, 

8eptamber26, 2:30p. m.— Tempenit-iiro,107; pnlse, 96; respiration, 108. Rod ror- 
pusclea, 4,333,300. lu fresh and staineil preparations a small number of corpusclm 
containing large parasites. 

September 28, 2;15 p. m. — Temperature, 101.2; pulse, 108; respiration, 60. Eed cor- 
puscles. 2,123,077; white, 4,615, From 1 to 2 per cent of corpuscles contain ajunelii- 
i'orm parasites. 

The animal stands trembling and quivering, swnying with her hind quarters, and 
scarcely able to remain on her feet while a few drops of blood are being collected 
from a skin incision for examination. Soon after nhe faHn down and remains on tlie 
ground. 

At 3:30p. m. asyringefnl of blood (7 cc) is withdrawn from a jngular vein to 
inoculate several pigeons. The blood was withdrawn as described nnder No, 185 
above. After this insignitleant operation tbt ro\T goes iulo convulsions and dies. 

Aatopty note* : Animal has lost much flesh. Weighs now about 700 pounds. 

Lungs normal. Heart firmly contracted. Considerable extravasation under the 
epioardium of left ventricle, much less on the riglit ventricle. Many ecchymoses 
and small hsematomata under endocardium of both veutrlcteit. Heart muscle sbuws 
slight fatty degeneration. In the serum expressed from the heart mtiscle a large 
number of large parasites both free and within corpuscles. In stained preparations 
A«m30 to40percent of alt corpuscles are infected. Many parasites in pairs. (Plate 
IV, Fig. 5.) 

Spleen weighs 4ft pounds. Very mnch enlai'ged. Tortuous injected vessels on 
capsule with hemorrhages along their course. The pulp is very dark and very soft, 
Malpighian bodies invisible. In teased preparations examined tVesh there are many 
large cells containing from two tji eight red corjiuscles. Two capillaries seen, in 
which nearly every corpuscle is infected. Pigment present in small quantities. In 
stained preparations about 8 to 10 per cent corpuscles contain large parasites. 

Liver weighs 14 pounds. Someold adhesions on the right between it and diaphragm. 
Tissue rather firm, color departing slightly from the normal. Yellowish dots and 
lines are seen on section corresponding to the Kone around hepatic veins (intra and 
sub lobular). In several larger branches of the hepatic vein are thrombi. In fresh 
sections and teased preparations, bile injection localized to small areas around 
intralobular tiens. In stained preparations from 20 to 30 per cent of the corpuscles 
infected. 

Bile very thick and flaky, holding a large amount of amorphous matter in sus- 
pension. 

Considerable eedema in the fatty tissne arouriil ki<lueys. The organs are in a con- 
dition of general congestion ; all normal markings elfaced or indistinct. Glomeruli 
prominent. Cut surface grannlar. Many ecchymoses in pelvis. In fresh sections 
allcapillaries choked with red corpuscles. In stained preparations nearly all corpns- 
rtes contain parasites. There are also mauj free forms. In sections of tissue 
(hardened in Mtiller'e fluid and alcohol and embedded iu chloroform paratliiie) 
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stained in liieinntuxylin the engori^ed capillaries contain ualy iufocted red corpus- 
cles (PI. VII, Fig. 2). Strnctural changes not noticeable. 

In bladder, 2 quarts of urine of a dark reddish color. No sediment on standing. 
Specific gravity, 1015. Fechly acid. About 0.(6 pfH" cent albumen (Esbach). Pre- 
cipitate with acetic acid withont beat. 

The mucosa iif fourth stnmarli has n bluish reil to bright red color. Digestive 
tract otherwise not affected. (For temperature record, see p. 288.) 

Jtfo. Xlft <«aHw).— Calf of No, 160. About 4 months old (Sept. 21), but no larger 
than a calf 4 weeks old (first calf of a small lieifer). 

September 21. — (taught after mtich chasing and placed in field VI (North Car- 
olina cattle with ticks) with No. 160. Temperature, 10!) ; pulsfl, 117; reapiratiuii, 52. 
Red corpuscles, 5,870,000; white, 22,222. Nothing abnomial in tVesli and stained 
blood preparations. 

October 13, — Excited on being chased and caught. Temperature, lO.'i.S; pulse. 132; 
respiration, 30. Red curpuscles, 5,774,000. Nothing abnormal in fresh and stained 
preparations. 

November 12. — Temperature, 102.4; pulse, 92; respiration, 60. Red corpuscles, 
7,221,000; white, 15,517. Corpascks normal. Result of enposure, negative. 

tfo. ISS (native). — Cow,6 years old, received September 25, 1891, froui Maryland, 
and placed in field XII. 

October 1. — Temperature, 100.8; pulse, 60; respiration. 36. Red corpuscles, 
5,596,400; white,8,772. In ftesh pi-eparaliona a considerable immber of torpusclee 
with bright Ixnlies. In stained preparations nothing abnormal. 

October 20.— Sold. 

No. 1S9 (natite). — Cow, 7 years old, received September 25, 1891. from Marylnuil, 
and placed in field XII. 

Oetoberl. — Temperature, 101; pulse, 66; respiration, 30. Red corpuscles, 5,706,800; 
white, 10,344. Some bright intraglobular bodies ; corpuscles otherwise normal. 

October 20.— Sold. 

No. 190 {native).— Co-w, 6 years old, received Septembor 25, 1891, fynso Maryland, 
and placed in field XII. 

October I. — Teraperatnre, 100.2; pulse, 6S; respiration, 60- Bed corpuscles, 
5,966,000; white, 10,169. Some bright intraglobular bodies detected in freah prepa- 
rations, 

October 20,— Sold. 

No. 197 {native). — Grade Jersey, 6 years old, received June 3, 1892, from District 
of Colnmbia. Placed in field X to test survival of ticks and Texas fever infection of 
1891. Gives birth to calf No. 226, Jnne 20. 

August 27. — Up to this date no ticlts had appeared on animals in this field. No 
evidence of infection as shown by the condition of the animal and the following 
results of the blood examination. Red corpuscles, 5.012,600. White, 6.250. In prepa- 
rations of fresh blood many red corpuscles contain bright bodies. Stained prepa* 
rations negative. Injection into lelt jngular 14 cc, (one syringeful) of blood from 
sick native No. 222 prepared in tho following manner: 

No. 222 was secured in a rectangular box and the head raised and fastened in such 
away as to be immovable and to stretch the left side of the neck. This was ahaveu 
over the jugular vein and the skin disinfected with 0. 1 per cent mercuric chloride. 
With a flamed scalpel the skin and wall of the jugular vein, kept tense by pressure 
applied at the root of the neck, was jncised. Tlie blood flowing freely was caught 
in sterilised bottles containing glass Iteads and defibrinated by shaking for ten 
minutes. The bottles were then placed in a water batli at 40°-42^ C. until nsed for 
inoculation. (For the condition of the blood of No, 222 on this day see this appen- 
dix undorNo. 222.) The blood drawn about 11:05 a. m. was injected into this tui- 
nial at 11:15 a. m. 

Placed in a feuccd-off portion of field XII (XII,). 
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Sept«ml)cr 4. — Dies HiKlileiily nliuiit 9:30 u. ni., after Laving aLoivn an elevnleil tem- 
perature 4 days. 

Aatopey tioteg: The nnimol having died on Sunday, only such examindtiou was 
made un the spot at 2j30 p ni, as wuiild determine tLe cnime of death. The following 
notes rtToplydemoiistratJi Texas fuvev; 

Spleen very large, Mackisli, normal markings elfaced on tile cut surface. The 
liver has a blnish slate color mottled ivith minute paler dots. On section this mot- 
tling is yellowisb luid conlined to the tissne aronnd the intralobular veins, the 
remainder of the cut surface being a brownish color. In firesh sections much fatty 
degeneration, also roundish bodies (crystals!) larger than red corpuscles which are 
r<!fraiigent like fat globules and have a peculiar yellowish red color. Bile injection 
uot observed in such sections. 

Kidneys pale brownish red with a granular cut surface and usual markings effaced. 
Epithelium of convoluted tubules markedly granular. In pelvis extensive patches 
crowiled with small eochymottc spots. Urine, claiet colored. Specific gravity, 1017. 
Fine precipitate with acetic acid cold. Albumen (Esbacli), 0.35 per cent. In the 
deposit collected by standing in refrigerator, a few red corpuscles, granular mosses, 

The skin over abdomen shows (5 hours after death] dried blood crusts i to j inrh 
apart, matting tlie bait together into little tufts. Tbe skin under these places shows 
a bluish spot, and when incised a small collection of blood is found under the trua 

In the spleen and liver very few corpuscles infected with paired roundish para- 
sites 1 to 1.0 /i in diameter. In the kidneys about 10 per cent are infected. (For 
temperature record, nee p. 294.) 

fib. 198 (noHite).~Cow, 7 years old, received Jane 3, 1892, from Prince George 
County, Md., and kept on an adjoining farm until Jnne 30, then trausfen'ed to field 
III. 

Jnly 6. — Injected into left jugular vein 28 oc. (two syrlngefuls) of blood drawn 
iVom the jogular vein of North Carolina cow No. 217. The transfer of blood from 
the vein of one animal to that of the other was made in the same syringe and occu< 
pied not more than two minutes. The syringe had been warmed previously to 105° 
F., after being thoroughly disinfected in 5 per cent carbolic acid and boiling 
water. (See No. 206 fur a similar injection.) 

The following table gives in brief the clinical historj of the animal up to the time 
of death : 
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Autoptg about li hours after death. Animal thin ; weighs about 600 pouDds ; liae 
lost about 200 poaode during illnoBs. 

Several Btuall ateas of intralobular aud auhpleural eropbyaemBin the principal lobe 
of both lungs and in the right ventral lobe. The conneetive tiaeae of old pleural 
adheaiona furiua a fringe aloug lateral borders of priucipal lobes which is in a 
dark-red hf pettemic condition. A dark led, airless lobule in the right cephalic and 
the left principal lobe. 

Slightly ffldematons condition of the fat around heart case. Very marked ecchy- 
mosis of the ventricular suifacea of the heart, the diecolnration extending in some 
places ftom i to ^ inch into the heart mnscle. Extanaive axtravaaation beneath en- 
(locardinin of left ventricle; slight eztravaaation in right ventricle. Blood from the 
heart coagulatoB promptly in beakers. The aernm is much more deeply colored than 
that fh)m healthy cattle. 

Spleeu weighs 5^ pounds. Capsule very much distended. Pulp dark browoiHli, 
still consistent in teitnre. Malpighian bodies barely visible on aection. 

Liver weigba tSSpounda (withoutgall bladder). It is paler than normal and shows 
a peculiar mottling with irregular yellowish-gray patches, each less than 1 mm. in 
diameter. On section the organ appears yellowish brown and the course of the in- 
tialobnlar veins is mailed by yellowisb-gray borders. In fresb sections fatty de- 
feneration of the parenchyma and the bile stasis quite extensive. Sections were 
also examined from tissue hardened in Mailer's fluid and alcohol. In these after 
Htainiug with acid hiematoiylin oi alkaline methylene blue, only a narrow region of 
the acini bordering on the intralobular tissue was found free from necrotic changes. 
These were manifested by partial or total loss of the nucleus. The capillariea of 
these areas were in places very much distended aud filled with red coi'pnscles, many 
of which contained parasites. 

In the gall bladder about filter of very thick, daky bile. 

The fat aronnd kidneys contains a moderate amount of serous effusion. Kidneys 
enlarged (left, IJ pounds; right,2poanda);capBulere»dilyren]ovable. Parenchyma 
of a uniform dark brownish red. Mach serum ftowa from the cut surface. The 
glomeruli stand out as minute blood-red points. The tips of paplltie byperiemic and 
the calices of the pelvis surrounding them ecchymosed. Mioroecopic eiaininatiou 
of fresh sections shows extreme engorgement of all blood vessels. 

Urinary bladder contains li liters of urine having a dark port-wine color and 
barely translucent in a layer t inch deep. No sediment on standing. 

The second stomach adherent to the diaphragm by meana of old connective tis- 
sue over an area 6 inches square. This tissne dark red, very hypcrfemic. The 
mucosa of fourth stomach in the laminated portion is of uaiformly pink color. The 
pyloric portion is beset with a number of irregular shallow oroaiona with hem- 
orrhagic base. They vary &om | to 2 Inches in length, and nie elongated in shape. 
The mesentery of duodenum (near portial fisanre) is infiltrated with pale reddish 
scrum. Mucosa of small intestine coated with a paaty bile-stained substance repre- 
senting desquamated epithelium. Maooaa of rectum congested in patches and con- 
taining fecal balls. 

The pia covering the hemispheres of the brain injected and pigmented. The plei- 
usea are considerably engorged with blood. Ko fluid in the ventricles and no abnor- 
mal appearance of the brain snbstance itself. In sections of the cerebral tissne 
hardened in Mullet's fluid and alcohol and stained In hiematoiylin capiUariee could 
be traced for some distance in the white snbstance underlying the gray, which were 
filled completely with infected corpuscles. From one of the pnncta vasculosa on 
the cut Buriiice of the white snbstance of the cerebrum, while still fresh, a bit of 
tissue was cmshed under a cover glass. In it a capillary was traced for some dis- 
tance containing only infected corpuaclea. In the choroid plexus of lateral ventri- 
cles many of the gorged capillaries are observed containing infected co^nscles only. 
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Stained cover-);lau prcpnrnliinm IVi>ui variima tissnea and organe wore ex>iiuiii«d 
for infected oorpnecleB with tbe following resulta: 

Per cent. 

Blood from euboutaneons vein, alioat 10 

Spleen pulp 10 

Liver tissue 10 

Hyperwmic spot on omentum 10 



Heart muscle (exclQiling free parasites) 30 

Bmin tissue 2-3 

Choroid plexus of lateral ventricles 10-30 

Hyperiemic adhesion of second atomaoh 10 

Skeletal muscles very few. 

The parasites appeared in theredcorpuRcles, both single mid in pairs, llie numer- 
ical relation, in the different prepnrntionn, of single and double bodies Taried more 
or less, the IbimeT being in some regions in the m^ority, in others in the minority. 
The single bodies were always roundish, the double bodies roundish or pyriform. 
The best pf ttform bodies appeared in preparations of corpnsclee from tlie lieart mus- 
cle, next in the circulating blood, and in the capillaries of organs excepting spleen, 
liver, and kidneys. 

Ko. 199 (natire). — Cow, 8 years old, received June 3, 1892, from the District of 
Columbia, and placed in field X to test survival of ticks and Texas fever infection of 
1891. 

September 12. — No ticks, or evidence of Texas fever infection np to date. Calf 
due in October. Temperature, 102.4. Red corpuscles, 4,820,000. Nothing abnormal 
in fresh and stained preparations excepting a slight variation iu size. 

No. BOO (native). — Cow, 8 years old, received from Charles County, Md,, June 20, 
1892, and kept on an adjoining place until August 30. lQ,iected into left jugular 
vein 14 GO. <one8yrlngefal)of denbiiuatedblood fromnickikativeNo.222, being a por- 
tion of the same blood injected into Noa. 197, 227, and 228, and kept at a temperature 
of 50° F. in a refrigerator since August 27. (See No. 197 for details.) 

Placed with above-mentioned esses in a fenced-off portion of field Xlt (XII.). 

No. 200, before the operation, had a temperature of 102.3° F. Ked corpuscles, 
6,400,000, In fresh preparations of blood a considerable number contaiu the bright 
bodies. Stained preparation negative. 

September 6. — Temperatnre, 107; pulse, 75; respiration, 72. Red corpuscles, 
3,950,000; white, 7,500. In fresh preparations of blood, probably 2 per cent of cor- 
puscles contain large parasites of irregular ontline. The corpuscles themselves are 
darker in color and wrinkled and notched along border. Some contain bright 
bodies. In stained preparation some of the intraglobular parasites are in pairs and 
pyriform, others single and irregular in outline. 

Septembers. — Dies about 8:30 a. m.; antopsy three hoars later. Animal thin. 
No skin lesions. In abdominal cavity hypersmic patches on omentum. Gelatinous 
tedeuia l>etween spleen and paunch, 

Lnngs, norma). Marked ecchymosis of the epieatdinm and endocardinm of the 
ventricular surfaces of the heart. 

Spleen weighs 4| ponnds. Pulp has a blackish homogeneous appearance. Mark- 
ings of cat snrface effaced. 

Liver weighs 17 ponnds. Has a brownish color, mottled with paler dots. On the 
cut surface, which is more or less uniformly brownish, the paler yellowish lines and 
dots corresponding to the tissue immediately around the intralobular veins t^pear 
only in localized patches. In sections of fresli tissue the intralobular capillaries 
markedly distended with red corpuscles ; bile injection detected in small patches. 
Fatty degeneration very slight. Some hepatic cells contaiu pigment particles. 

(iall bladder contains 1,200 cc. (3 pints) of very dark bile free from anspended 
■natter. ~ ■ 
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Kiiliiayfi show the dsuhI (l»rk bruniiiHb-rcd iip[iear;iiiuc. The rij|;1it weiglia 2 
poiiiida; tlie lelt IJ pounds. In fresli sectious, the usual eiigmgcil i;oiiili(iou of all 
tbe uapilUries. 

Urine lia« n dark purt-wine color. Specific gravity, 1020. A few ilropa of acetic 
acid give a precipitnte. Next day tbe filtrate is free from tbe litood-culoriiig niatter. 
Wbeii tested fur albumen by heiit an abundunt precipitate forme. Total albuinon 
of the urine (Eabacii) ).2 pur cent. 

The wqHk of the small intestine show marked injection of the aiiuute vessels. 
Contents fecal and bile Btaiued. Miioosu uuifuriuly pinkish red, due to injection of 
tbe capillar Lcs. 

Uterus coQtnins a fuitus 4 to 5 niontlis old. 

Brain, Marked pigmentation of the pia of tlie frontal lobes and of tbe lateral aspect 
exttiiiding upon the baee at tbe optic commissure. Similar pigmentation at the gi'eat 
transverse fissure. Tbe minut« vessels of pia injected. The injection most marked 
within the sulci as seen on cross section. 

Tbe Texas fever parasites were found in the variouB organs examined. They are 
either single or in pairs, mostly roundish, and nearly 1 /i in diameter. According 
to stained cover-glass preparations, the approximate infection is as follows; 

Blood tVom subcutie contains 3 tu 5 per cuut infected corpuscles. 

Spleen contains 5 per cent of infected corpuscles {parasites chiefly slugle). 

Liver contains 30 per cent of infected corpnsclcs (parasites singlo and paired). 

Kidneys contain 30 i>eT cent of infected corpuscles (parasites single and paired). 

Heart muscle contains50per cent of infected corpnsiies (parasites chiefly in pairs). 

In the choroid plexus whore it enters the transverse fissure of tbe brain the para- 
sites were oliserved within the capillaries m n fresh preparation. (For tempera- 
ture record, see p.:i94.) 

No. SOI (maJice).— Cow, 5 yeaw old, retoivod June 2t) l«!)2, from tbe Uistiiet of 
Columbia. Kept in Held between inclosurcH 1 and II iiutil June 3fl, then placed in 
field TI for exjioHure to North Carolina cattle with ticks. (North Carolina cattle 
ad<lcd July 1.) Tliis animal is handled witli cousiilerable difflcutty, hence the high- 
pulse rate as given below. 

July 7.— Teiiiiwrature, 102; pulse, SB; respiratiou, 44. Red corpuscles, 6,300,000. 
White, S,750. lu stained preparation several macrocytes and au occasional punctate 
corpuscle. 

July 12. — Temperature, 1U2.6; pulse, SO; respiration, 44. Red corpuscles, 5,762,500; 
white, 9,5£@. Blood examination as befoi'e. 

July 18. — I'emperature, 103.8; pulse, 68; respiration, 72. Red corpuscles, 5,887,500; 
white, 10,000. More or loss variation in the size of tbe corpuscles; cxamiuatiou 
otherwise negative. 

July 20. — Transferred to unused field IV. 

August 24. — Temperature, 101.8; pulse, 75; respiration, 54. Red corpuscles, 
6,950,000; white, 10,000. Slight variation in sisie of the rod corpuscles. A tew 
bright iutraglobular twdies in fresh preparations of blood. In stained preparations 
one deeply stained round Iutraglobular body, 2 /t diameter (nucleus of biematoblast.) 

September 3.— -Temperature, 102.4. Red corpuscles, 6,187,500; white, 7,500. Con- 
dition of blood corpuscles normal both in fresh and stained preparations^ 

September 27. — Temperature, 103 (animal excited by chasing). Rod corpuscles, 
6,875,0(K>; white, 7,5<X). A moderate nnmber of bright bodies detected in fiesh prep- 
arations of blood. Stained preparations negative. (For temperature sue pp. 289, 290.) 

No. SOS (natiee). — Cow, 7 years old, received June 20, 1892, from Cliarles County, 
Md., and placed in field between inolosures I and IJ. 

June 30.— Transferred to Field XI. 

August 31.— Transferred to Field XIII. (See also No. 207.) 

Injected into the left jugular vein 14 cc. of a fluid prepared by grinding up in a 
mortar a large number of young ticks in a small ijuantity of distilled water and fil- 
tering through filter pa]ier. The ticks were hatched artificially from adults received 
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July 9, 12, anil 19, Trom Dear New Berne, N. C. The lialohiog begau August 9, 11, 
and 15, respective!;. The injected Said was turbid and grayiili in color and pasBciI 
tbrongb tlie filter wiUi aome difficulty. 

{Ticks iW>m lota received July 9 aud 19 placed on the akinof No.SSiADguBt 30 and 
September 3, produced Texas fever (see No. 224), showing thai the ticks were 
capable of producing infection in the ordinary way.) 

The condition of the blood on the the day of the injection was as follows: Red 
cot]iij8cleH, 6,228,500; white, 7,U2. In freah preparations a slight variation in 
size of the former and a few bright intraglobular bodies observed. Stained 
preparation negative. 

Septcmber9. — Temperatnie, 101.6; pnlse, 72; respiration, 39. Bed corpuscles, 
i>,050,000; white, 10,000. Nothing abnormal detected in preparations of fresh and 
stained blood- 
September 21.— Temperature, 102.2. Redcorpusclee,5,666,000; vihite, 4,938. Noth- 
ing abnormal in dried and stained preparations of blood. (For temperature record, 
see p. 294.) 

Ho. SOS {native.) — Cow, 6 years old, received June 20, from Charles County, Md., 
and placedin field between inclosuresland II until JuneSO. Then transferred to field 
VI for expoBureto North Carolina cattle with ticks (North CarolinaCattle added J nlyl). 

July T. — Temperature, 102.5; pal8e,S4; respiration, 48. Bed corpuscles, 6,S75,000; 
white, 10,000. In stained films slight variation in size of the red corpuscles. One 
corpuscle contains what appears to be a peripheral coccus. 

July 12.— Temperature, 102.8; pulse,80; respiration, 52. Bedcorpnscle8,5,800,000; 
white, 12,500. In stained preparation a slight variation in siie of corpoades. One 
intragiobniar parasite (1) of irregular outline. 

July 18. — Temperature, 102.4; pul»e,80; respiration, 52. Red corpuscles, 5,875,000; 
wJiite, 13,750. lu stained preparation a slight variation in the size of the red cor- 
puscles. 

August 22.— Temperature, 101. 1 ; pnlse, 108; respiration, 72. Bed corpusolea, 
1,659,000; white, 6,813. In the fresh blood abont 2 to 3 per cent of the corpuscles 
a)>pear infected with single parasites chiefiy. There are besidea a few bright intra- 
globular bodies, and a largo number of very miuute free diplococcus-like bodies not 
more than 0.2 to 0.3 m in diameter in violent (Brownianf) motion, lu stained prepa- 
ration the irregular intraglobular paraaiteH stain on the periphery only. Cow has 
continued eating until this morning ; dies suddenly at 2p. m. The very brief autopay 
notes are appended to confirm the diagnosis. 

Animals weighs abont 500 pounds; iu quite poor condition. A large number of 
ticks on udder and escutcheon, perhaps six to the square iuch. Few on abdomen 
and dewlap. The ticia were of several sizes; 

(1) Ticks within the last moult and abont ready to emerge, 3.2mm (i inch) long. 

(2) Ticks just emerged from the last moult and quite active. Size aa before. 

(3) Adnlt ticks from 4 to 7mm. (^A inch) long. 

(4) Males about 2mm. {^ inch) lon^. 

Brain: Marked pigmentation and injection of the minute vessels of the pia on the 
hemispheres. A small heiBorchaglc apot3aun. in diameter in the third ventricle on 
left thalamus. The gray matter of cerebrum and cerebellum appears slightly re<l- 
dened. Other changes absent. 

The heart shows the usual epicardial and endocardial extravasations. Heart 
fibers show many fat granules. 

The spleen weights 3J pounds. Large and softened. Markings no longer visible 
on aectioD in the blackish palp. 

The liver weighs 13/ij pounds. Paler than normal and mottled on the surface. 
The cut surface is brownish yellow. Bile in gall bladder (1| pounds) very thick 
nnd flaky. The kidneys weigh each H pounds, of the usual dark brownish red ap- 
pearance. In the bladder 2 quarts of very daik port-wine colored urine barely 
translucent in a layer } inch deep. 
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The mucosa of Hoiall intestiDe iiijecl«d and coated with a paaty layer of deequ»- 
muted opitholiuiu. Tlie uaseum contains soft feces aud is exteustvely pigmented 
along the summits of the longitudinal fulds. 

Ill the aemm expressed from the heurt mnsele a targe number of pairs of parasites 
inclosed in barely visible bodies representinR the ontlines of former red corpnaeles. 
In a, teased ptepaiation of spleen pulp several capillaries seen, plugged with in- 
fected coTposcles. lu stained preparations the infection was roughly estimated as 
follows : 

Spleen and liver about 10 per cent infected eoi'puscles. 

Kidneys about 50 per cent iufected corpuscles aud uuiny &ee forms. 

Heart muscle about 30 per cent infected corpuscles and many apparently free 
forms. (For temperature i-ecord, see pp. 389, '^SO.) 

fio. S04 (native). — Bull, 2^ years old; received from Prince George County, Md., 
JuDe 24, 1892, and placed in field between inclosuros I and II until June 30. Then 
transferred to Geld XI. 

August 26.— Temperature, 103.8. Bed corpuscles, 5,540,000; white, 7936. Stained 
preparations show nothing abnormal. Transferred from field XI to held VI (North 
Carolina cattle with ticks) as control to reesposed animals Nos. 5fi, 105, 135, 160, 
166, 167, 182, 185. 

September 8. — Temperature, 107.4; pulse, 72; respiration, 44. Red corpuscles, 
4,225,000; wbit«, 5,000. In the fresh blood a considerable number, perhaps 10 per 
cent, of very miuute intjaglobnlar bright bodies, «f variable size, situated mainly 
near the periphery. A few are in motion. In stained preparations a few irregular 
intraglobular bodies of doubtful nature. 

September 13.— Temperature, 103.5; pulse, 76; respiration, 28. Red corpuscles, 
1,963,000; white, 1,219. Stained preparations show macrooytes. 

September 37. — Temperature, 102; pulse, W; respiration, 42. Bed corpuscles, 
3,753,000; white, 7,407. In fresh blood 30 to 40 per cent of the corpuscles ate en- 
larged. Several bright bodies. In stained preparations no parasites detected- 
October 10. — Temperature, 103. S; pulae, 64; respiration, 32. Eed corpuscles, 
5,012,000; white, 7,564. In stained preparations about 30 per cent macrooytes. 

From September 10 to 15 the animal appeared decidedly sicli. Appetite partly lost. 
It lay down much of the time and appeared guunt and weali. Lately it has been 
improving rapidly. (For temperature record, see p. 290.) 

No. i05 [native). — Grade Jersey cow, Ave years old; received Jane 30, 1893, from 
District of Columbia. Placed in Field 11 (North Carolina cattle without ticks). 
(North Carolina cattle added July 3.) 

July 6. — Temperature, 103.8; pulse, 60; respiration, 64. Red corpuscles, 5,975,000; 
white, 6,^0. 

July 18.— Temperature, 103.8; pulse, 56; respiration, 48. Red corpuscles, 5,400,000; 
white, 6,260. Stained preparations show nothing abnormal. 

Aagnst25.— Temperature, 101; pulse, 60; respiration, 54. Red corpuscles, 5,963,500; 
white, 10,000. Slight variation in size of red corpuscles. A small number contain 
the bright bodies. Stained preparation negative. 

September 2. — Temperature, 101.3; pulse, 54: respiration, 30. Red corpuscles, 
5,887,500; white, 5,000. A small number of red corpuscles contain bright bodieS' 
Stained preparation shows nothing abnormal. 

September 16. — Temperature, 101,8; pulse, 48; respiration, 40. Red corpuscles, 
5,370,000; white, 5,714. Nothing abnormal in stained preparation. (Seep. 391.) 

Ke. S06 (noiitie). — Cow, seven years oid; received June 30, 1892, from the Dis- 
trict of Columbia and placed in Field III. 

July 6, 9 a, m. — Received iuto left jugular vein 28 cc, (2syringefnl£} of blood drawn 
bom left jugular of North Carolina cow No. 216. (See No. 198 for details of opera- 
tion.) The following table gives the eeseuttal facts of the history of the disease in- 
duced by the injection. 
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yo. W? (naltpe). — Steer, 2 years old, reoeived June 30, 1892, from Ptiuce G«orge 
County, Md., and placed in field XI. 

August 31.— Transferred to field XIII. 

Temperature, 103.2; palie. 98: re«pirution, 78. (Animal much eicited on beiug 
canght.) Eed corpusclen, 5,985,700; white, 10,00(1. Id prepurations of fteah blood a 
moderate unmber of bright bodiea detected. Nothing abnormal in etained prepara- 
tion. Tbe red coipuHcleH vir; sligbtly iu size. 

It\)eoted into left jagular Teio 14 rv. of the same finid used npon No. 302 (fluid 
from young ticks), with the eioeption that in this case the fluid w»s filtered through 
mDBlin instead of Glter paper, The turbid filtered fluid held in snapension a con- 
siderable quantity of minute particles rapidly settling when the fluid was allowed 
to stand. (See also No. 224.) 

September 9.— Temperature, 102.2. Bed aorpusclea, 5,276,000; white, 7,S0O. 

In fresh and stained pieparatious nothing abnormal. 

September 21.— Temperature, 102.4. Bed corpnsi^les, 6,570,000; white, 6,024. Id a 
stained preparation uothins abnormal. (For temperature reoord, see p. 294.) 

No. t08 (nafive). — Cow, li years old, received June 30, 1S92, from District of Colnm- 
bi» and placed in field I (North Carolina cattle without ticks. North Carolina cat- 
tle added July 2), 

Jnl; 6.— Temperature, 102, Red corpuscles, 6,800,000; white, 7,600. NotMng 
abnormal in etained preparation. 

Jnl; 15 —Temperature, 101.8. Red corpuscles, 5,811,000; white, 10,000. Stained 
preparation as before. 

August 25.— Temperature, 101.2. Bed corpusclea, 6,350,000; white, 11,250. Slight 
variation in size of red corpuscles. A few contain bright bodies. In stained prepa- 
ration nothing ahuormal. 

September 2.— Temperature, 101.6. Red coi^iuBcleB, 5,600,000; white, 10,000. 
Slight variation in size of the former. Stained pre^iaratioo as before. 

SepUmher 16.— Temperature, 101. Red c:orpHSc:leH, 6,080,000; white, 12,346. In 
stained preparatioo slight variation in size of the former. Otherwise nothing ab- 
normal. (For temperature record, see p. 291.) 

No. SOB (native). — Cow, 9 years old, received June 30, 1892, Irom the District of 
Colnmliia. Placed in field I (North Caioltna cattle without ticks. North Carolina 
oatUe added July 2). 

July 6.— Temperature, 102.6. Eed corpuscles, 6,787,500; white, 10,876, 

Jnly 16.— Temperature, 103. Red corpuscles. 6,000,000; white, 13,750. 

July 26.— Temperature, 106.6. Red corpuscles, 5,676,000; white, 11,250. In a few 
red corpuscles bright bodies. 

August 25.— Temperature, 102.8. Red oorpuseles, 6,687,500; white, 10,000, Slight 
variation in size of the former. A few contain bright bodies. 

September 2,— Temperature, 102. Red corpuscles, 5,225,000; white, 15,000. A few 
of the former contain bright bodies. 

September 16.— Temperature, 100.6, Red corpuscles, 6,309,000; white, 8,333. 

Stained preparations of blood collected on all of the above dates show nothing 
abnormal. In the last there is a very slight variation in size. (See p. 291.) 

No. SIO (naiim).— Heifer, 2 years old, received June SO, 1892, from Prince George's 
Connty, Md. ; placed in field I (North Carolina cattle without ticks. North Carolina 
cattle added July 2). 

July 6,— Temperature, 102.2. Eed corpuscles, 6,875,000; white, 16,626. 

Jnly 18.— Temperature, 102. Red corpuscles, 6,425,000; white, 10,000. 

August 25.— Temperature, 102. Red corpuscles, 6,025,000; white, 12,500, Slight 
variation in size of the former. A few contain bright bodies. 

Septembers.— Temperature, 101.2. Red corpuscles, 5,660,000; white,5,000. Afew 
red corpuscles contain bright bodies. 

September 16.— Temperature, 101,8. Red corpuscles, 6,076,000. 
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Stained eoTerglnaa preparations of blood collected at evflr; one of the above dates 
show nothing abnormal after careful microscopic eiamiuation. (See p. 291.) 

No. SIS (So»tt«T»). — Cow, 3 years old, received from near New Beme, N. C, July 
1,1892. 

July 2. — Kept in a feQc«l-off portion of field TI over night. To-da; ttcts picked 
off, after which process the animal waa placed In field I (North Carolina cattle witii- 
ont ticks). 

July 3t27. — Animal examined daily and any ticks found carefully picked off. N« 
ticks found after July 21. 

No. SIS {Soutktnt). — Cow, 5 years old. For source, removal of ticks, and field, see 
No. 212. 

No. 214 {SoHlhent). — Cow, 4 years old. For sonrce of animal and removal of ticks 
see No. 212. Placed in field II July 2. 

August 15.— Blood withdrawn from jugular to inoculate No. 222. Slight variation 
in the size of the red corpuscles (5 to T/i.) No parasites detected in two stained 
preparations after prolonged search. 

September 9. — Blood withdrawn to inoculate No. 239. No parasites detected in a 
stained preparation even after a long search. 

No. SIS (iS»uth«ni). — Cow, 4 years old. For source of animal and removal of ticks 
see No. 212. Placed in field II July 2. 

No. SIS (Soii(Aent). — Cow, 6 years old, received from near New Beme, N. C, July 
1, 1892, and placed in field VI (North Carolina cattle with, ticks). 

July 6. — Blood withdrawn from jngular vein to inoculate native No. 206. 

July 14. — Red corpuscles, 6,050,000. In two stained preparations of blood, one pe- 
ripheral coccuB-like body detected after a long search. 

July 16. — Blood withdrawn to inoculate native No. 219. 

September 3.— Temperature, 102.8. Bed corpuscles, 6,112,500; white, 15,000. In 
iresh preparations nothing abnormal. In a stained preparation nothing abnormat 
detected after a long search. 

No. tn (Smiikem). — Cow, 6 yeaMi old, received from near New Beme, N. C, Jnly 1, 
1892, and placed in field VI (North Carolina cattle with ticks). 

July 6. — Bloood withdrawn from jugular vein to inoculate native No. 198. 

Jnly 8. — Sed corpuscles, 6,012,500. In two stained preparations of blood, after a 
long search, aperipheral coccus detected in process of division. 

September 3. — Temperature, 102.6. Red corpuscles, 6,600,000. Fresh preparations 
show nothing abnormal. In a stained preparation a pair of intraglobolar pyriforni 
bodies detected after a long search. 

No. S18 (iwiMm).— Cow, 6 years old, received Joly 15, 1892, from Prince George 
County, Md., and placed in nnused field XI. 

July 16.— I^mperatniB, 103. Bed corpuscles, 6,450,000; white, 10,000. Trans- 
ferrad to field III, as control to inoculated cow No. S19. 

August 4. — Temperature, 102.2. Bed corpuscles, 5,437,500.' In preparations of ftesh 
blood abont 10 per cent of all corpuscles contain bright motile bodies. August 
6.— Temperature, 101.8. Red corpuscles, 6,342,000; white, 9,589. Condition of red 
corpuscles as on August 4. August 15. — Temperature, 102. Bed corpuscles, 5,973,000; 
white, 10,666. Condition of corpuscles as before. Angast 29.— Temperatnre, 102.2. 
Bed corpuscles, 6,587,500 ; white, 10,000. In fresh preparations 3 to 5 per cent of the 
former contain bright bodies. September 1. — Temperatnre, 101.8. Bed corpuscles, 
6,787,500; white, 8,750. Condition of the former as on Angnst 29. September 17.— 
Temperature, 101.8. Bed corpuscles, 5,820,000 ; white, 4,494. September 29.— Tem- 
perature, 101.6. Red corpuscles, 6,650,000; white, 10,000. From 2 to 3 per cent of 
the former contain bright bodies, varying iu size. 

Stained films of blood, prepared at every one of the above dates, show nothing 
abooimftl after oaieftal examination. (F«t temperatoie record, see pp. 292, 293.) 
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No. ttO (naltce).— Steer, 3^ yeStTa old, received July 15, 1892, from Moutgomer; 
County, Md., aud placed id an unmed Held XI. 

Jnly 20. — Transferred ti) field VI (North Carolina cattle with ticks). Temperfttare, 
105.6 (elevated by proliiaged cbaeiiig). Bed oorpuecleH, 6,925,000; wliite, 12,500. 
lufreah preparationii a few corpuBoles containing; bright boili<>B. 

August 22.— Animal sick, eating but little. 

AnguBt 21.— Temperature, 106.6; pulse, 105; respiration, 93. Red oorpnscles, 
^,727,000; white, 8,080. In freuli preparations one pair of large parasites and a few 
iiiaorocytcH. 

Augnist 25. — General condition slightly improved. Appetite returning. 

August 27. — TemperatOFH, 103.6; pnlse, ?A; reBiiiraticin, 60. Red corpUHcles, 
2,550,000; white, 10,000. In fresh preparations parusites not detected. About Ti 
to lOpei cent macrocytea. lu staiued preparations a small number of mai'rorytex 
are feebly tinted or finely punctated. 

geptembei 1. — Temperature, 103; pulse, 108; respiration, 79 (animal excited). 
Red corpnsclea, 3,662,500, white; 15,000. About 30 per cent macropytes and a few 
bright bodies seen in fresh preparation, Macrocytes very large. A few feebly 
tinted aod pnnctated corpuscles in staiued preparation. 

October 1. — Temperature, 101.5; pulse, 66; respiration, 36. Red corpuscles. 
4,425,000; white, 12,500. Over 50 per cent macrocytes. This animiil lost consider- 
able flesh during the disease. Has been slowly gaining since the middle of 8op- 
teinber. (For temperature record, see pp. 289, 290.) 

No. iil (Bolife). — Cow, 9 years old, received July 18, 1892, firnm Montgoniery 
County, Md., and placed in unused field XI. 

August 15. — Temperature, 102.4. Red corpuscles, 6,550,000. A moderate number 
contain briglit bodies. TrsJisferred to field 111 na conteol to inoculated case No. 232. 

August 29.— Temperature, 102.4. Red corpuscles, 6,487,500 ; white, 10,000. Con- 
dition of blood as before, 

September 1.— Temperature, 101.6. Bed corpuscles, 5,912,500; white, 20,000. A 
few of the foTmer contain bright bodies, 

September 17.— Temperature, 102.5. Red corpuscles, 5,375,000; wliite, 10,000. 

September 29.— Temperature, 101.8. Red corpuscles, 5,912,000; white, 9,876. A 
very few bright bodies in fresh preparation. 

Stained films of blood prepared on each of the above dates show nothing abnormal. 
(For temperatnre record, see p. 293.) 

No. as (naMne).— Steer, 5 years old, received July 20, 1892, from Montgomery 
County, Md., and placed in nnueed field XI. 

August 15. — Received into left jugalar vein 2 syringefuls, or 28 cubic oentimet«rB, 
of blood diawn immediately before from jugular of North Carolina cow No. 214 
(see No. 198) and placed in field III. The following table gives the subsequent 
history of thl* oase and indicates a relapse first detected September 28. 
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264 TEXAS OR SOUTHEBN CATTLE FEVER. 

Ifo. SSS {liativr).—lieitfT, I! yean old, received July 20, 1892, from Montguniery 
Coontj, Md., and placed in lield VI (North Caroliua natUe, with ticks). Tempera- 
ture, 102.5. Red oorpaBclea, 6,500,000; white, 10.000. In fteeb preparationa of 
blood a few corpuscles contaiued the bright bodiea. stained preparationa negative. 

Augnat 19. — Temperature, 106.8; pulse, 72; respiration, 84. Red corpnaciea, 
5,087,500; white, 5,000. Id ^ah preparations of blood about 1 pet cent of the 
corpnscles haTe a dark wrecked appearance, ami contain the Texas fever parasite. 

Aagnst 30. — Animal sick. Eating bnt little. 

Angast 22. — Animal refuses food entirely. 

Angnst 23. — Animal died during the night. 

Autop»y al9 a-nt. : Body in good condition as regnrds flesh. Weight about 600 
pounds. A moderate number of ticks on inner aspect of thighs, eacutoheon, and 
ndder. The sizes are the same as those found on No. 203. 

Both liinga quite fnll of blood. The left principal adherent to chest irall and the 
left ventral to the former by old connective tissue. Very marked eitravasation of 
blood on the base of the heart, extending about 2 inches eacb side of Uie inter- 
ventricular groove. Slight ecchymosis beneath endocardium. Injection of heart 
muBole. Cloudy and fatty changes of fibers. 

Spleen weighs 4^ pounds. Capsule much diatended. Pulp blackish, but stiU firm 
and markinga effaced. 

Liver weighs 14f pounds. It is of a uniform yellowisb-hrown color, aa viewed 
from the exterior, excepting near the leit border, where there is more or less grayish 
mottling. Hore or less bile injection in circumscribed areas detected in sectioua of 
fresh tissue. The gall bladder contains 4 ounces of bile, having a dark yeUowiah-- 
green color, and holding a very large quantity of flaky material in snspensiou. 

The fat sorrounding kidneys infiltrated with reddish serum. With capsule re- 
moved each weighs l|poands. The parenchyma has the usual dark brownish-red 
granular appearance of the cut surface. Slight eoohymosis of the oaltcea of the 
pelvis. In sections of fresh tissae.marked injection of all capillaries. In the blad- 
der about 2 quartsof port-wine colored urine slightly more translucent than that of 
No. 203. 

Digestive tract: In the fourth stomach the mucosa of laminated portion ahows a 
large number of round whitish spots, not elevated above the general surface, 3 to 5 
nun. in diameter. {Strongylw Ottertagit) The epithelium over these spots intact. 
In pyloric portion two or three small blackish depressed scars. In.t)is small intes- 
tine tlie mucosa is iitjected as usual, and covered with a thin grayish pasty layer 
composed entirely of desquamated epithelium. There is much hile in the intestine. 
In sections of the Aresh mucosa, the parasites of Texas fever can be seen distinctly in 
every corpuscle of some of the distended capillaries. 

Uterus contains a fcetua 7 to 8 inches long. Amniotic fluidfreefromhotmoglobin. 

The pia covering the hemispheres of the brain injected and pigmented. The brain 
•uhstance and the ventricles show, no lesions excepting a more pinkish appearance 
of the gray matter of the cerebellnm. 

In the organs the number of infected corpuscles, estimated from stained cover- 
glass preparaUoDS, is approximately aa foUowa: 

Spleen, 10 per oent, parasites single and in pairs. 

Liver, 30 per cent, parasites chiefly in paira. 

Kidney, 30 per cent, together with a very large number of ftee forms. 

Heart muscle, 30 per oent, and many Scee pairs. (For temperature, s«e pp. 289, 
290.) 

No. ltd (native). — Cow, 11 years old, received August 1, 1892, item Prince George 
Coonty, Md., and placed in field XI. 

Augast4. — Temperature, 103.6^ pulse, 6S; respiration, 76 (excited in being caught). 
Red corpuscles, 6,194,000, No abnormal appearoucw in fresh and stained prepara- 
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AnguHt 9.— Placed in box stall to-day, and the artificially hatitlied yoiing tioke of 
Amhtyomma iinipunclata placed on neck and rump. 

August 30. — The ticks hnve not developed. A large number of artiflcially hatched 
ticks of BoiipMliu lovit placed ou rump and neck. Adults of these ticks received 
from near New Berne, N. C, July 19, 1892. The young began to hatch August 15. 

The condition of the blcHid to-day is as follows : Ked corpuHc!e>s, 6,112,600; white, 
7,500. A few eorpnsclea contain bright bodies. In stained preparation nothing ab- 
normal. 

September 3. — A second lot of young ticks (£. havU) placed on animal. Adults 
were received July 9. The young began to hatch August 9. (See also Nos. 202 and 
207.) 

September 10. — Temperature, 106.8; pnlse, 72; respiration, 24. Red corpuscles, 
3,926,000j white, 5,000. In a stoioed preparation two oorpuscles found containing 
large parasites. 

September 15-20. — AnimnI has lost considerable flesh. DuU, 

September 22. — First matured ticks found. 

September 26. — Temperature, 102; pulse, 80; respiration, 24. Red corpusclM, 
2,062,500; white, 5,000, From 25 to 30 per cent macrocytes and a very few punc- 
tate corpuscles. A large number of ticks almost ready to drop off on this animal. 

September 29, — Very little uuprovemeut; animal thin and weak, probably in part 
due to the abstraction of blood by the many maturing ticks. 

No. SS5 (native). — Cow, 8 years old, received August 1, 1892, J^om Prince George 
County, Md. Placed in field XI. 

August 2, — Transferred to box stall in stable. A few young recently hatched ticks 
placed on rump and neck. Temperature, 102.2, Red corpuscles, 6,405,000; white, 
9,469. A few bright bodies in corpuscles. Stained preparation negative. 

Augost 10. — This process of adding young ticks repeated daily from AngQat 2 until 
to-day. The adult ticks were collected near New Berne, N. C., June VH, from Hyde 
County cattle. Eggs laid June 29-July 11. The youug began to appear Jnly 80. 

Angust 16. — Refuses food. 

Angnst 17. — Losing flesh rapidly. Temperature, 105.8; pnlse, 73; respiratioo, 42. 
Red corpuscles, 4,800,000; white, 10,750. Ooe large parasite detected in fresh blood 
after some searching. In stained preparation 10 to 12 corpuscles detected containing 
pyriform bodies. 

Angnst 18.— Feces passed in small quantity and deeply bile-atained. Animal 
weak and lying down much of the time. Urine appears free from coloring mattier of 
the blood, 

Angnst 19. — Very weak. Urine as yesterday. Feces soft. Drinking mnch water, 
but refusing solid food. 

August 24. — Has been slowly improving since August 21, Appetite returned. 
Ticks beginning to mature. Temperature, 102; pulse, 75; respiration, 61. Red cor- 
puscles, 2,987,000; white, 8,860. Macrocytes 10 to 15 per cent. One beematoblast 
seen. A few punctate macrocytes in stained preparation. 

Angnst 30.— A large number of ticks have matured since Angust 24 and many are 
still maturing. Animal improving. Transferred from stable to field VI (North Caro- 
lina cattle with ticks). 

September 5. — Temperature, 101.7; pulse, 63; respiration, 39. Bed corpuscles, 
4,600,000; white, 10,000. A few bright bodies seen in ftesh blood. Twentyper cent 
macrooytsi. 

September 23. — Temperature, 102.7 ; pulse, 80 ; respiration, 62. Red corpuscles, 
1,888,000; white, 7,407. A few pairs of large parasites detected in fresh and stained 
blood. Ten to 16 per cent macrocytes up to 11 /i in diameter. Some punctated and 
tainted. Several bsematob lasts, 

October 1, — Temperature, 102,2; pulse, 60; respiration, 24. Red corptucles, 
3,300,000; whiU, 1,111. Macrocytes over 60 per cent (8 to 10 >< in diimtttr) 
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October 10. — Temperatare, 102.7; jiiilse, 68; reBpiratiou, 3G. Red oorpnsclott, 
S,623,000; white, 4,706. HacroojrtM still numeroiie. Animal still tbin. SIowlj 
improving. (For the temperature record, Bee p. 290.) 

Jfo. Sg7 (native). —Cow, 11 years old, received Angnat 27, 1892, from the District 
of Columbia. Received, oi> this day, nnder the akin of the neck, with ik hypodermic 
syrioKu, 2 oo. of detibrinated blood &om aiok uative (No, 222). The ii^ection. was 
made la fonr places, i co. being injected in each place. Auimai placed in feoced-oQ' 
portion of field XII (XII,.) (For the preparation of the blood and other details, see 
No. 197.) 

August 30. — Tempetatnre, 102.2; pnlie, 60; respiration, 72. Red corpuscles. 
5.312,500; white, B,000. A few corpnacleB contiiin bright bodies. . 

September 5. — Temperature, 105.4; pulse, 78; respiration, 66. Red cori>iiacles, 
3,887,500 ; white, 3,750. A few corpusclBS ciint.ain large parasitas. 

September 6. — Animal weak and eating but little. 

Septembers. — Animal very weak; stands withhead drooping; hiudqoarterBSway 
in walking; refuses food entirely. 

September 9. — Tempeiatnre, 101.6; pulse, 84; respiration, 12. Beii corpuscles, 
1,565,000; white,. 6,666. A few enlarged rorpuBcles detected. 
. Dies abont 6 p. m. to-day. 

September 10, 10 a. m. — Autopsy: Cow now weighs about 600 pounds; weight be- 
fore disease, 760 to 800 pounds. Fat over the entire body of a deeper yellow than is 
found in cows of this age. Slight post-mortem decomposition. 

Extensive eccliymoses beneath epioardium and endocardium of ventricular snr- 
fbocB of heart. In both oavities small firm clots, having on the surface a bright 
golden color in patches. 

Lungs full of blood, collapsed only in pai-t. Old fibrous adhesions to chest wall. 
Slight interlobular emphysema. 

Spleen very large and of the usual blackish appearance on section. Much pig- 
ment in large lumps detected in teased preparations. Also many large red oorpus- 
cles and some hsmatoblaate. Liver shows a uniform yellowish color throughout. 
In fresh sections, the parenchyma found in state of complete fatty degeneration. 
Individual cells contain 3 to 4 oil globules larger than red corpnecles. Occasional 
patches of bile injection. Bile viscid and loaded with flocculent matter, whieh stains 
the hands intensely yellow. 

Kidneys surronnded by reddish mdematons tissue. Parenchyma pale. On seo- 
tiiin there is a swollen mdematous appearance with absence of the usual mark- 
ings. The base of the pyramids marked with pale striie. In fresh sections 
these correspond to tubnles completely filled withfat globules. Clumps of amor- 
phous yellow pigment are scattered through the epithelium of the straight tubules 
and bundles of needle-like yellowish crystals 4 to 8 ^ long are also present. Urine 
free from heemoglobin, Tathei yellowish in color. Albumen present in very small 
quantity. 

In stained preparations of the various organs many large bacilli (post-mortem) 
detected. There are present perhaps ten per cent of quite large maorocytes which 
have retained a very feeble stain. The intraglobular parasites are quite scarce. In 
the preparations of liver and the heart muscle, about one-half to one pet cent of the 
red corpuscles contain single or paired pyriform bodies. In the spleen and the kid- 
ney preparations none are found. (For the temperature record, see p. 294.) 

Ko. lis (nafiiia).— Cow, 7 years old, received August 27, 1892, from the District 
of Columbia. Beoeived under the skin of the neck 1 cc. of defibriuated blood from 
sick native No. 222. The injection was made in two places, .^co. being injected at a 
time (see No. W7 for preparation of blood and other details). Placed in fenoed-off - 
portiouof field XII. The blood examined before the inoculation gave the following 
figures: Bed corpuscles, 5, 948,700; white,9,874. Inprapaiations of fresh bloodSor 
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3 per cent uf all coTpiiacles ooutaiu bright liudies varjiu); iu size from mere )>uinte ti> 
1 li. tn dJaiDeter. In staiued preparAtion Dothing alinormal. 

September 5.— Temperature, 106. Red corpuscles, 4,586,900; white, 5434. In fresh 
preparatioQR of blood 2 to 3 per cent of rorpnBclea found with large Texan fever par:) - 
sit«9 and a few ■with bright bodies. One stained preparation negatiye. 

September 6. — Eating very little, 

September 7. — Appetite entlrelj gone. 

September 9.— Temperature, 105.8. Hod corpasoles, 3, 185, 700; white, 10,000. In 
freah preparations uotbing abnormal detected. In stained preparation several cor- 
puBcIeB oontainiug large p^form parasites. 

September 10. — Animal weak. Stands with head drooping. Hind qnarters sway 
in walking. Has grown thin, 

September 14.— Temperature, 102.1. Ked corpuscles, 1,512,200; white, 1087. In 
fresh preparations a few corpuscles with bright bodies. Fnlly 10 per cent are maoro- 
cytea. Of these a very few are found punctate and tintod in stained preparation. 

September 26. ^Temperature, 101.3; pnlse, 48; respiration, 12. Ked corpuscles, 
2,757,000; white. 11,428. FuUj 60 per cent macrooytea present, of which 10 per 
cent are finely piinotatod or tinted in stained preparation. The animal Is improTing 

October 8. — Still very thin and weak, although appetite good. 

October 27. — Temperature, 102.6; pulse, 60; respiration, 24, Bed corpuscles, 
3,300,000; white, 11,250. In fresh preparations 1 to 2 per cent bright bodies within 
corpuscles. In stained preparation 5 to 10 per cent of the red corpusDles are infected 
with the peripheral coccus-like bodies. (For the temperatui« record, see p, 294.) 

No. SSO (nalive). — Cow, 9 years old, receired September 7, 1892, trom the District 
of Columbia, and placed in unused field XL 

September 9. — After the examination of the blood, tbis animal received into the 
left jugular vein 28 cubic centimeters (two syringefuls) of blood, drawn Immediately 
before Irom the left jugular vein of North Carolina cow No. 214. Transferred to 
field III, now containing Nos, 206, 218, 219, 221, and 222 (see No, 198 for details of 
the operation). The following table indicates an acute attack followed by a relapse ; 
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TEMPERATURE RECORD OF THE VARIOUS ANIMALS USED IN 
THE EXPERIMENTS FROM i88g TO iSga, INCLUSIVE. 

The following tables include with but three exceptions (Nos, 158, 166, 
and 180) the temperature record, in degrees and tenths of degrees 
Fahrenheit, of all cattle used in the field experiments at the Washing- 
ton station. The temperature of the three cases noted as exceptions 
was not taken regularly, and hence the only record forthcoming is that 
printed with the notes under each case. 

■ In consulting these tables the reader may find what appear to be dis- 
crepances between the temperature as given here and that already 
printed with the notes under each case. This apparent discrepancy is 
due to the fact that the temperature as given in the tables and as 
tabulated with the blood examination was, as a rule, taken at differ- 
ent hours of the same day or on different days. Heoce, in case of 
considerable daily fluctuation, such as is usually the rule, at least in 
hot weather, in mild attacks and relapses and at the beginning and at 
the end of the acute attacks, these two records may not agree closely. 

The hour in which the temperature was taken is given in the tables.. 
Slight fluctuations in healthy animals may here and there be explained 
by taking into account the time of day since there is a slight rise of 
temperature towards evening.* The hour of the blood examination is 
not given in the notes of the individual cases, but it was made, with 
few exceptions, before noon. 

The record of the same animal exposed for several successive sea- 
sons is given in a separate table for each fresh exposure. The pages 
on which such records may be found are given at the end of the notes 
for each case or with the remarks, if the notes have been tabulated. 

The daily fluctuations associated with the beginning of the fever, and 
quite marked in some cases may be studied in tables on pages 276, 284, 
285, 288, 291, 292, 293, 294, and 295, where the morning and evening 
temperature is recorded. 

The temperature of Southern animals used as sources of infection in 
the various inclosures was not taken. Whenever such animals were 
exposed on snbsequent occasions, for the purpose of determining any 
loss of immunity, their temperature was recorded. The record of such 
cases and of a few natives which remained healthy during the period of 
exposure (page 291, and elsewhere) furnishes a valuable basis of com- 
parison with the record of the actually diseased animals. 

* See pages 16, 17, aud ISL 
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